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PREFACE. 

X  HE  third  Volume  of  this  Miscellany  being  now  com- 
pleted, I  have  again  the  opportunity  of  making  my  acknow- 
kdgements  to  its  friends  and  supporters,  and  presenting  the 
tespe£bible  list  of  its  Authors. 

The  authors  of  original  Papers  are  John  Bostock,  M.  D, 
Mr.  Rob.  Jameson  ;  the  Rev.  James  Wilson,  A.  M. ;  John 
Gough,  Esq.;  Mr.  Ez.  Walker;  Rev.  Joseph  Priestley, 
L.L.D.  F.R.S. ;  Rev.  W.  Pearson,  P.  R.  I.;  Dr.  Thomas 
Young,  F.R.S.  and  Professor  at  the  Royal  Institution j 
Mr.  Peter  Keir;  Mr.  Jdin  D^lton  ;  Mr.  Wm.  Wilson  ;  R. 
Chenevix,  Esq.  F.  R.  S.  j'  'Mr,-  ifohr).  'Ci«ft|jectfon  ;  Mr.  John 
Murray;  J.  B. ;  W.  N.  ;.'i^d-.P«)fc(lpr  Aldlni.— Of  foreign 
works;  Hapel  Lachenaie,;  Brbngliiart ;  J.  B.  Berard  j 
Guyton ;  Gay  Lussac ;  ilkelii^gv'-"H-lV.^vost. — And  of  Eng- 
lish Memoirs  abridged  or  extracted.  Dr.  Young ;  Mr.  R. 
Phillips;  Mr.  J.  Besant;  Edw.  Howard,  Esq.;  F.R.S.; 
Sir  H.C.  Englefield,  Bart.  F.  R.  S.;  Mr.  J.  Dalton ;  Mr. 
H.  Davy,  Profeffor  at  the  Royal  Institution  ;  T.  Wedgwood, 
Esq.;  R.  Chenevix,  Esq.  F.R.S.  Mr.  Win.  Henry. 

Of  the  Engravings  the  Subje£ls  are,  1 .  A  powerful  Blow- 
pipe by  Alcohol,  2,  Mr,  Wilson's  two  new  Barometers. 
3.  Ad  improved  Water  Wheel,  by  Mr.  Besant.  4.  Mr.  R. 
Phillips's  Tubes  for  driving  Copper  Bolts  into  Ships.     5.  The 

k Hydrometer  of  Atkins,  for  exhibiting  Specific  Gravities  and 
Strengths 


PREFACE. 

Strengths  of  Spirits  without  Computation.  6.  Mr.  Read's 
very  simple  and  cheap  Pneumatic  Apparatus.  7.  The  new 
moveable  Crane  erefted  by  Mr.  Keir  at  Ramsgate.  8.  Haas^s 
Blow-pipe  Apparatus.  9.  Figures  by  Mr.  Jameson,  td 
illustrate  the  Formation  of  Basalt.  10.  Elements  of  the  Gal- 
vanic Pile,  by  Dr.  Bostock.  1 1 .  Distinguifhers  of  Galvanism 
and  £le£hicity.  12.  Gay  Lussac*s  Apparatus  for  measuring 
the  Expansions  of  the  Gases.  13.  The  Indian  Hand  Mill. 
14.  A  Secret  Lock,  which  can  be  opened  only  by  the  Pro- 
prietor. 1 5.  Improvement  of  Woulfe*s  Apparatus,  by  Mr. 
Murray.  16.  Dr.  Young's  Apparatus  for  exhibiting  the 
colours  of  thin  plates.  17.  Figures  by  Prevost,  for  explaining 
the  Phenomena  of  Dew. 

Soho  Square,  Dec.  26,  ^802. 
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ARTICLE    1. 

toefbfiptkm  cfa  cheap  andfimplc  AppttraiuM  or  Blow-pipe ,  in  tMch 
the  Flame  qfOil  dr  TaUow  is  impelled  by  the  Vapour  (tf  Alcohols 
From  a  Correjpondent* 

To  Mr.  NICHOLSON. 
S  I  R>  LondoM,  July  9,  1802. 

Useful  as  the  blow^pe  is  for  the  profefTed  mineralogiA  IncdnTenlenctt 
and  chemift,  as  well  as  for  the  amateur  of  the  fcience,  it  is,  aJ[j*|l**'?uTft*'^* 
however^  liable  to  tJie  inconvenience  of  requiring  one  hand  of  cute«  comMaly 
the  operator  to  be  emplo)'ed ;  befides,  that  perfons  of  weak  **^* 
lungs,  or  not  well  accuftomed  to  its  ufe,  find  it  laborious,  even 
when  they  attempt  to  manage  it  according  to  the  directions 
given  by  Bergman  and  Engftrom ;  more  efpecially,  when  a 
continued  dream  ofair  is  required  for  fome  time.     For  this  rea* 
fon,  foroe  have  recourfe  to  a  bladder  filled  with  air>  and  force 
it  out  by  preiling  the  bladder  between  the  arm  and  their  boJy; 
others  ufe  a  fmall  pair  o\  d'mble  bdlfnu,  to  be  hxed  upc  n  the 
table :  others  again  employ  a  receiver,  or  ra  lier  ii^azomeur,  in 
the  form  of  Mr.  Walt's  i»ydraiilic  bellows.  But  all  ihefe  meant 
ve  not  always  ready  at  hand,  or  not  eafily  portable  to  accom* 
Vol.  III. — S£FTBMB£A^  1802.  B  pan/ 
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Pnfcllbt  PiOet. 


DcTcriplion  of 
two  timpi  Tor 
btawingthe 
flirai  of  oil  by 


panj  the  trarclling  mineialogiH,  and  in  uvc-rj'  cafe  ihey  requirft 
fome  prepwratinn.  And  even  tlie  ingenious  c-untrivwtce  vf 
Mr.  Haas,  Uiough  i[  permits  the  tite  ufe  of  the  opiTator'* 
hands,  U  expenGve,  and  Hill  requires  the  blowing  through  lije 
mouth, 
ip  \Vheti  Profefibr  Piflel  of  Geneva  vifited  London  laft  yc-ar, 
lie  liroughl  along  with  him  and  eKhiblled  to  his  friends  an  appa- 
ratus, which  ul  the  fajiic  time  that  it  h  finiple  and  very  port' 
able,  h  the  mod  advantageous  fubftilute  for  the  blow-pipe,  and 
removesall  it*  inconveniences.  An  imitsliotinf  ihisnpparatus 
was  exhibited  in  the  k-fturc-room  of  the  Royal  Inflilutton,  Al- 
bemarle-fi  reel. 

Thi!  drawing  of  ibis  inftruraenl  which  I  fubjoin,  was  copied 
from  that  conimunicaled  by  a  friend.  A,  plate  I,  is  a  tin-box 
filled  with  common  oil,  ferving  to  feed  the  flame  at  F,  thence 
to  be  dircfled  on  the  fubftance  under  examination,  and  at  the 
other  flame,  to  heat  the  fpiril  of  wine  contained  in  the  copper  or 
tin  lamp  B.  The  boiling  fpirit  being  converted  into  fleam  by 
the  heat,  tufVies  through  the  bended  tube  C  upon  thu  flame  of 
the  wick  at  F,  Lafily,  D  is  a  flidcr  with  loops  and  fcrews  to- 
raife  or  lower  the  fpirit  lamp.  The  whole  being  very  fimpte 
and  clear,  any  farther  expbnation  would  \ie  iieedlefB. 

I  do  not  know  whether  Profeliiji*  Piclet  pretends  to  be  the 
inventor  of  this  apparatus ;  but  certain  it  is,  that  Abbe  Nollet 
fifty  years  ago  employed  fuch  a  contrivance,  as  may 
be  feen  in  his  I' Art  defaire  Lxperirnce*.  Another  application 
of  (he  fpirit  lamp  for  this  purpofe  I  have  read  in  the  Annaics  d» 


Cltinue,  but  do  not  recoUefl  i 

There  is  no  doubt  bulthe  c( 
defcribcd  will  be  acceptable  Ic 
eel  lent  Journal  J  whence,  if  yc 
be  fo  kind  as  to  infert  it. 

lar 


fhich  volui 


oflhebm 


many  of  the  readers  ofyou 
\i  agree  with  me  in  tliis  opi 


Your  humble  feriar 
N.N. 


ANNOTATION.    W.N. 
The  application  of  the  elaiilc  and  combuflible  vapour  of  al- 
cohol to  this  ufeful  purpofe  is fo  obvious,  that  it  can  fcarcelybe 
appropriated  as  an  invention.     The  glafs-blowers  have  long 
fold  a  little  implement,  confiftingof  an  egg-lliaped  ball,  having 
aflem 
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«  flem  Of  handle,  and  a  nozzle  or  tube.   It  h  an  eolipile,  and 
wlien  half  filled  with  water  or  fpirit,  and  heated  over  a  candle,  a 
flrong  current  either  of  vapour  or  of  the  denfe  fluid  will  iflueout 
•  accordingly  as  it  is  held.     With  the  vapour  of  fpirit  thus  blown  An  ha%nfty 
through  the  large  flame  of  a  tallow  lamp,  I  fufed  a  halfpenny,  gj^^^j^pp^yp^^ 
and  foftened  the  ftopper  of  a  bottle  fo  as  to  run  a  wire  through  fbnted* 
it ;  though  I  muft  confefs  not  without  apprehenfion  of  the  thin 
brittle  velTel  burfling,  and  covering  the  furrounding  bodies  with 
flame.     The  lamp  B,  which  is  the  eflential  part,  may  be  made  The  lamp  ippi^ 
cheap;  and  indeed  the  whole  would  cofl  but  a  trifle.     I  *ook.^^^'*'  ^'^ 
a  fmall  lamp  of  that  figure,  2|  inches  wide  and  1 1  inch  high 
(of  the  fort  call «d  a^//a/>jcf,  from  the  cap  for  the  wick  being 
made  to  fcrew  in  and  defend  the  oil),  and  in  the  place  of  the 
wick-pipe,  I  foldered  a  piece  of  a  common  blow-pipe.     The 
lamp  cod  eighteen  pence^  and  the  blow-pipe  fix-pence,  and  the 
combination  anfwers  perfedly  well. 


II. 

Outline  of  the  Hiftory  qfGakanifm :  with  a  Tlieory  qf  the  A^on 
qf  the  Galvanic  Apparatus.  By  John  BostocKj  M.  Dt 
from  the  Author, 

{Concluded  from  Page  304.) 

V^OL.  HALDANE  found  that  the  eflfedls  of  the  apparatus  Col.  HaUanc 

were  fufpended  when  it  was  immerfed  under  water,  and  that  ^^J^^^^^  *c 

1  •  ir     I  r       1        •  1111  /.P"* '"  water. 

this  waii  alio  the  cafe  when  it  was  placed  under  the  vacuum  of  He  dircoveied 

an  air-pump.     He  conceived  that  the  eflfedts  of  the  pile  were  ^^*^  '^  adionii 
not  increafed  by  its  being  connedled  with  the  conductor  of  an  vacuo, 
eledlrical  machine,  and  he  thought  that  the  charging  of  the 
Leyden  phial  was  retarded  when  the  apparatus  was  placed  be- 
tween its  outfide  and  infide  coatings.     Upon  the  whole  he  Thinks  it  not 
concludes  that   its  effeds  cannot  be  referred  to  eledlricity.         ** 
Upon  thefe  experiments  Mr.  Nicholfon  remarks,  that  in  the  Obfe'^*^'*"*  * 
cafe  where  the  pile  was  connected  with  the  condu6tor^  the    *  *•'*«■'/• 
eJedric  dream  of  the  condu6tor  might  have  been  in  a  contrary 
diredion  to  the  eledtric  fiream  of  the  pile,     in  the  experiment 
where  the  pile  was  conneded  with  the  Leyden  phial,  it  is  cer« 
tain  that  the  phial  cguld  not  be  charged  higher  than  the  pil« 

B  2  itfeif. 


m  \ 

^m  ilfelf,  and  from  ihe  efl'efl*  of  g.ilvanifni  in  general,  it  may  l)< 

^M  cunjeFturcd  thai  it  refembles  w.  large  furlare  of  an   eleftric 

^M  charged  to  a  low  inlenfily. 

^V   CralckOiuk'i        Mr.  CruLcklliaiik,  in  a  fecoitd  coinrauuication,  gives  iin  ac> 

ft«  k  eBuTTh"' *^'"""  "'"'''""-■  evperirnents  which  he  perftirmed  willi  an  inlcr- 

taTci  iiaiaQ.     rupled  wire  of  gold.     Ry  mean*  of  a  bent  glaf?  lube  he  ton- 

iriced  to  kpcp  the  gai'ci  obtained  from  eatli  wire  perfefllj' 

tdiliitifl.  That  from  ihu  filver  end  of  the  piic  he  found  to  be 
chiefly  hidrogeii,  and  ilial  from  the  zinc  end  nearly  pure  os- 
tgen.  Both  the  gold  wire  and  one  which  he  ufc-d  of  plalina 
were  evidently  laniiflied  on  the  zinc  end,  alter  being  expofed 
Hii  gtntnil  ton-  for  fonie  lime  to  the  intlueiicv.  He  draws  llic  following  gene* 
clufioni.  '■  5ii-  rat  conclufiotis  from  liii  esperimenls.  i_/(,  From  the  filvcr  end, 
pi!egi«.chicfl7''''t  be  immvrfed  in  water,  whatever  be  the  nature  of  the  wire, 
tUingen.  i.Rt.  there  i*  difengaged  a  quanrily  of  hidrogen  gas  mixed  with  a 
«;a!l("l«t)oTit  f^^a"<l''*'"'ty  ot'otigc"  gas  and  ammonia.  -Jd,  Where  a  me- 
ihlimd.  3.ZinclaIIicfululion  U  ufed  iiil!>.'ad  of  water,  [he  melal  is  reduced  and 
^^^T'J'tJ/isdepollteJattheendottbewirc.  $J,  When  the  wire  at  tlie 
ptodDceieiUi-  zinc  end  conHlls  of  gold  or  plalina,  ovigen  ga<>  n  difengaged 
*"*'  mixed  with  a  little  azole  and  nitrous  acid;  tiie  quantity  of  gas 

1)9  only  about  one-third  ot  what  in  difengaged  at  the  lilver  end, 
fo  that  the  gafeit  oiid  in  the  proportion  requifite  to  produce 
watvr.  4(A,  When  the  zinc  wire  is  formwl  of  an  iniperfeft 
metal,  it  is  partly  oxidated,  partly  dillijivcd,  and  a  little  oxigen 
only  ii  dilenguged.  Fluids  which  contain  no  oiiigen  Mr, 
Cruicklhank  thinks  are  incapable  of  tranrmiiting  the  influence, 
whilftallthofe  which  eontorn  it  appear  capable  of  canduOing 
Bit  Invencinnoflhe  influ'.'nce.  Mr.  Cruicklhank  then  proceeds  lo  give  an  ac' 
■  ntw  gilvaiie  count  of  a  new  method  o(  placing  the  metals  horiisoi) tally  in  » 
J^^l,,  "  *  kind  of  trough,  which  in  fomerefpeflsappearstolje  morecon- 
venient  than  the  form  of  the  ap[»ratiu  original!}'  invented  by 
Volia. 
Mi.Da>r  db-  Mr.  Davy  propofed  llii^  curious  fubjed  of  enquiry,  whether 
nini  Ihe  Mifen  (J,e  oxigen  and  hidrogen  eafes  evolved  by  the  interrupted  v,  irn 
Cromone  portion      ..*,...        ^       *  .  '    ,  ,.  "^         . 

of  wittr,  and  liii  when  imnierfed  >n   water,  can  be  procured  from  two  portion!* 
hidrogen  fiom     of  water  kept  diftinft  from   eacli  other?   For  this  purpofe  he 
Mfted'ooriioo"  '^"^^'^  ''"^  wires  to  terminate  in  two  glaOes  of  water,  and  by 
means  of  his  lingers  cftabllfhed  a  communication  between  the 
two  glalTes.     The  gafes  he  found  were  produced  as  in  the  for- 
mer cafe.     When  the  water  ufed  was  very  carefully  boiled,  he 
found  that  the  gafes  evolved  were  nearly  pure,  and  in  ihe  pro- 
porlioiH 


t 
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portions  reqalfite  to  form  water.     Mr.  Davy  then  wi(hed  to  Reverfe  effea 

afcertain  whether  it  was  eflential  for  the  wires  to  be  in  contact  **"  •fingtemter- 

...  II-       1  /•  1        .1         1  1       r  1        •!  mediate  wire. 

With  the  roetaHic  plates  of  the  pile;  the  ends  of  the  pile  were 

therefore  made  to  communicate  with  two  glafles  of  water  by 

pieces  of  inufcular  6bre«  and  the  glaflfes  were  conne6ted  by  a 

filver  wire.     The  effects  of  the  pile  were  now  reverfed.     Hi- 

drogen  was  difengaged  by  the  wire  at  the  ^sinc  end^  while  the 

wire  at  the  iilvcr  end  became  oxidated. 

Col.  Haldane,  in  a  fecond  memoir^  details  a  feries  of  experi-  Coh  Haldane 

ments  made  to  determine  the  power  of  different  combinations  .:^^^*^  ** 

'^  .       pile  acts  more 

of  metals.     He  found  the  pile  acted  more  powerfully  when  im«  ftrongiy  in  ox^ 
merfed  in  a  given  quantity  of  oxigen  gas,  than  when  confined  in  '8«?»  ""*^  "°*  *' 
the  (ame  bulk  of  atmofpherical  air;  its  a^ion  was  entirely  fuf-  ygcuo. 
pended  in  azote  or  in  a  vacuum.     On  this  account  he  conjec- 
tures that  the  effcAs  of  galvanifm  depend  upon  a  chemical 
operation^  and  that  oxigen  is  attra^ed  by  the  apparatus  from 
the  atrnpfphere. 

Mr.  Davy  difcovered  that  the  influence  of  the  pile  was  Davy* sapptica- 
capable  of  being  tranfmitted  through  charcoal,  when  an  appa- ^'°"  ®^  *^'^'"*^ 
ratus  was  conOruded  of  this  fubAance  and  filver.     It  decom- 
pofed  water  in  the  ufual  manner^  the  filver  end  giving  out  hi- 
drogen  with  a  little  carbon  in  folution,  while  the  zinc  end  evol- 
ved but  little  gas  of  any  kind  ;  this  was  probably  owing  to  the 
abforption  of  the  carbonic  acid  which  would  be  formed  at  this 
end  of  the  wire.     He  found  that  when  the  water  between  the  His  dlfcoveriea 
pairs  of  metallic  plates  was   perfedlly  pure,    2.  e,  when    it  5  f^^^  A^p^*^ 
contained  neither  acid,  fait,  nor  gas  of  any  kind,  the  pile  the  pile,  and  that 
ceafed  to  ad.     He  conjedlures  that  the  energy  of  the  pile  is  ''^  c^^f^»  »« 

•'  .  .  .  r  .  proportioned  to 

nearly  in  proportion  to  the  rapidity  with  which  the  zinc  be-  the  oxidation, 
comes  oxidated ;  and  confequently  the  effedts  were  found  to 
be  the  moft  powerful  when  nitric  acid  was  interpofed  between 
the  metals.     Mr.  Davy  appears  in  this  indance  to  have  made  He  applies  th^ 
the  firft  ftep  towards  the  true  theory  of  the  aftion  of  Volta's  *"    * 
pile :  as  might  be  inferred  from  this  notion,  he  found  that  con- 
centrated fulphuric  acid  interpofed  between  thp  metals,  ac^ed 
lefs  powerfully  tlian  diluted  fulphuric  acid,  becaufe  this  lafl  has 
more  power  in  oxidating  zinc  than  when  in  its  pure  (late.    He  and  caufes  the 

alfo  difcovered  that  tlie  pile  can  a6t  in  vacuo,  provided  a  little  P'^*^°  *^  "* 

.  vacuo* 

acid  be  interpofed  between  the  plates.     A  pile  compofed  of 
zinc  and  chs^rcoal  was  found  to  poffefs  great  energy. 

All 
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i 
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All  thefe  valuable  difcovcriei  and  experimenU  are  laken 
from  original  papers  communicaled  lo  the  4lli  vol.  of  Nichot- 
fon's  Journal. 
Anonym.  th»t  In  ihe  5tb  vol.  of  this  work  wc  meet  with  fomc  curious  oh- 
(Weeptibleol"""''"^'''''""  <lelailed  by  an  anonymous  correfpondent  al  Edin- 
giivaiiifin  thin  burgli.  He  found  that  water  ivhieli  had  been  for  feme  time 
"""'  fubjefied  to  the  influence  oflhepile,  conlinued  for  federal  day* 

to  emit  gas,  and  lo  dtpoflt  a  mucous  matter.  Hehasobfervcd 
that  when  both  men  and  women  form  Ihegalvaniccircuit,  Ihe 
women  appear  (o  receive  a  larger  (hare  of  ihe  (hock  than  the 
men.  Dr.  Rutherforit  of  Edinburgh  conceives  that  vegeiablci 
arenon-conduftorsof  galvanifm,  and  therefore  in  this  particu- 
lar thai  it  diiTer;  from  electricity, 
uVnjHpiit  Mr.  Davy  after warfli  difcovered  that  a  pile  may  be  con- 
I  ^ithonemMil  ftniaed  with  only  one  melal,  provided  proper  fluid*  be  applied 
to  its  furfaces.  He  employed  Ihe  following  feries;  ftietal,  ni- 
trous acid,  water,  fulphurel  of  polalli,  and  then  metal.  This 
curious  difcoveiy.as  Mr.  Nicholfonjudicioufly  obferves,  com- 
pletely overthrows  the  liypotlieCsof  Volta. 
[  Mr.  Nicholfoti  about  this  lime  was  informed  by  Mr.  Cruick- 

.  '  (hank,  that  he  had  at  length  fucceeded,  by  ufmg  proper  pre- 
cautions,  m  charging  the  Leyden  phial  by  means  of  the  galva- 
nic pile. 

Hitherto  nearly  all  the  wonderful  difcoveries  that  had  been 

made  by  means  of  Vol ta's  apparatus  were  coiifined  to  England, 

and  were  principally  due  lo  Mr,  Nicholfon,  Mr.  Cruicklhank, 

Mr.  William  Henry,   Mr.  Davy,  and  Col.   Haldane.     The 

fubjefl  began  now  toattraft  the  attention  of  foreigners,  and  we 

have  an  account  of  fome  curious  experiments  performed  by  Pro- 

TiamtilarS'        fe(ror  Tromfdorff".     He  confirufled  a  pile  of  zinc  and  copper, 

burn.goWkrf         J  ^^^  ^     j^g  „f       ij  ]     f  ,     the  zinc  end  of  the  wire; 

and  other  mctiia.  r  ct  » 

he  found  that  it  was  eafily  confumcd,  and  that  the  fame  thing 

Hemukible  dif.  happened  lo  other  metallic  leaves.     This  experiment  was  re- 

covciy  of  Foot-  pealed  by  Fourcroy,  and  he  adds  this  remarkable  circumllance, 

Aock  iigrnwft'halfis  large  zinc  and  filver  plates  gave  only  a  (light  (hock,  but 

when  the  rcpeii- (;„„fuQ,^  (he  wire  rapidly  ;   whereas  the  fame  furface  of  metal 

noft  iiumtioui-afii"gC'l '"  '''^  'orm  of  a  greater  number  of  fmaller  plate,  af- 

theiwrnbuftion    forded  a  more  corGderable  lliock,  but  would  not  burn  ihe 

■'""n."'=,^_    metal. 

About  this  time  Mr.  Cruicktliaiik  obferved,  thai  when  the 
fcnm^d^f-'""'''^  of  his  trough  apparatus  tetmijiatcd  at  the  furface  of  the 


HtStORY    Oy    GALVANISM.  7 

^Wrktcr,  the  filver  end  emitted  from  the  water  a  brufti  of  fire,  at  ^^ren*  lii»dt  of 
die  fame  time  that  the  zinc  end  produced  only  a  denfe  fpark.  ^ 
.  Thiscircumftance  induced  him  to  fuppofe  that  the  filver  was  in 
the  plus  and  the  zinc  in  the  minus  ftate  of  electricity,  which  in- 
deed agrees  with  Bennet's  original  experiments,  though  it  dif- 
•fer«  from  the  account  given  by  Mr.  Nicholfon  in  his  firft  paper, 
and  alfo  from  the  experiments  of  Dr.  Wollafton,  Dr.  Van 
*•  Marum,  and  others,  as  we  (liall  lee  below. 

,  .^     Dr.  Wollaflon  read  a  judicious  paper  to  the  Royal  Society, Dr.  WoHafton. 

^  which  appeared  in  the  Tranfadions  for  the  year  1801.  He  0»'^»*;«n  f»^n- 
Tcmarks,  as  Mr.  Davy  had  previoufly  done,  that  the  energy  ot 
the  pile  feems  proportionate  to  thedifpofition  which  one  of  the 
plates  has  to  be  oxidated  or  a6ted  upon  by  the  interpofed  fluid. 
If  a  piece  of  (ilver  and  a  piece  of  zinc  be  immerfed  in  diluted 
fulphuric  acid,  the  zinc  immediately  begins  to  decompofe  the 
water  and  to  evolve  hidrogeji ;  the  (ilver  is  not  aded  upon, 
but  if  we  bring  tliera  into  contact,  the  filver  alfo  begins  to  pro- 
duce hidrogen.  He  therefore  concludes,  that  in  the  folution 
of  a  metal  by  an  acid,  electricity  is  always  difengaged.     In  from  tbe  amal- 

order  that  the  eleftrical  machine  IhouH  adl  llrongly,  it  is  ne- «**"jK^«  «*• 

°  ^  machine } 

ccflary  that  the  amalgam  upon  the  cufhion  (hould  be  com]>ofed 
of  a  metal  which  is  eafily  oxidated ;  the  Do6tor  alfo  found  that  which  will  not 
an ele^rical  machine  plunged  into  carbonic  acid  gas  is  incapable  *  j^^  carboniQ 
of  being  excited.    He  concludes  by  the  opinion  which  was  fug- 
gefted  by  Mr.  Nicholfon,  that  electricity  and  galvanifm  are  the 
fame  principle,  but  that  in  the  latter  it  is  generally  met  with 
in  large  quantity,  but  in  a  (late  of  low  intentity.  Dr.  Wollafton  He  firft  pro- 
coated  two  filver  wires,  leaving  the  ends  only  of  them  expofed  ;**""*Jr^A  ^^ 
thefe  wires  were  connedted  with  the  two  conductors  of  an  elec-  water  by  com- 
trical  machine,  and  the  fpark  was  taken  from  one  to  the  other  «non  tk^riflitjr. 
through  a  folution  of  copper :  he  found  that  the  end  of  the  wire 
connected  with  the  negative  conductor  was  covered  with  re- 
duced copper;  no  change  had  taken  place  in  the  other  end. 
The  negative  conductor  appears  therefore,  from  thefe  experi- 
ments, to  correfpond  with  the  (ilver  end  of  the  pile. 

Mr.  Davy's  very  curious  difcovery,  that  a  galvanic  pile  Mr.  Davy's  pile 
might  he  conftruCted  by  one  metal  alone,  provided  its  different  with  one  fingit 
furfaces  were  expofed  to  the  aCtion  of  different  fluids^  has  been"™     * 
already  announced :  In  addition  to  thefe  faCts  the  fame  intelli- 
gent experimenter  informs  us,  in  the  firft  vol.  of  Nicholfon's 
Journal,  N.  S.  that  he  has  conftruCted  a  galvanic  apparatus 

which 
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•oijofebnwitl   whirficonlaininomela!,  and  which  confiftsfolely  of  pieces  oE'" 
wic   nomcu.    charcoal,  which  have  iheitdiflbreiit  fides  expofed  lo  the  aaioa   ■ 
oUiJFcienl  fluids. 

Volti'i  aeeonnt  In  the  fame  volume  ihcrc  is  an  accoiml  of  a  paper  wrifte^"'" 
«niin.™tl«.  by  y„[|^  Limfelf;  bul  from  the  opinions  which  arc  advanoe^'i 
in  it,  we  ma^  toncludc  iJwt  he  wa*  unacqiia.iUed  with  ojanjri'/.v 
of  ihe  mofi  mtereHiiig  cifcumftances  which  had  been  obfecvi^  ^ 
in  this  country,  refpefling  Ihe  Operations  of  the  appuatus  Oti-,  W 
ginaliy  difcov.-red  bj  hiuifelf.  ■-  ■  ■;  '-A 

Dr.VjnMicum  Inihe  40ih  volume  of  the  Annates  de  Chimie,  is  a  lettei^;t|j 
t"^"bi^\  *"^'""  '^'-  ^«"  ^'^'""  '°  Sig.  Volla,  containing  an  accounfoJ;  fl 
•limiaf  experiments  pcrlormed  in  order  to  compare  the  effect'  of  ihei'   ^j 

galvanic  pile  with  thofe  of  (he  great  Teylerian  machine  at'— ji 
Haarlem.     Both  iingle  jars  and  batteries  were  charged  by  ■  '" 
means  of  the  galvanic  pile,  and  in  all  cafe*  they  were  charged      '. 
to  the  fame  degree  of  intenfity  with  (hat  which  the  pile  ilfelf 
indicated  to  an  electrometer.     When  the  zinc  was  at  the  top 
of  tlie  pile,  and  communicated  with  the  infide  of  the  jar,  the      i- 
eleflficily  of  the  infide  was  found  to  be  pofitive,  and  when  the 
pile   WBi  reverfed,   it  was   ni?gativ-e.      It  was  Ibnnd  that  tlie     ■ 
thocks  given  by  the  battery  charged  from  the  elefirical  ma-        . 
ciiine,  were  not  perceptibly  different  from  thofe  given  by  the       ,. 
battery  when  charged  la  an  equal  ii^tenfity  by  tlie  pile,     Bjr       i 
conftruQinga  pile  of  large  plates  of  zinc  and  copper,   he  was        ^, 
enabled  to  fufe  thick  iron  wires;  he  even  fucceeded  in  fufing 
a  wire  of  platina.     He  found  that  piles  which  conllll  of  tha        < 
fame  number  of  plate<^,  but  of  different  diameters,  give  equal        f 
intenfities  and  equal  Ihocks;  yet  thofe  with  the  larger  plates        i 
he  found  to  be  confidcrably  more  powerful  in  fufing  metals.  .■ 

In  the  firft  volume  of  Nicholfon's  Journal,  N.  S.  is  a  letter 
from  Dr.  Prieflley  on  the  pile  ofVolta.    It  contains  a  number        i 

Iof  interefiing  experiments  performed  by  this  venerable  philo-  ' 
fopher,  principally  with  a  view  of  eftabliftiing  his  favourite  hy-  ' 
pothefis  of  phlngiflon,  to  which  he  ftill  adheres.  Some  of  Uie  ■ 
fafls  which  he  notices  had  been  previoufly  obfervcd  in  Eng-  1 
land,  though  from  his  remote  filuation  he  had  not  the  oppartu-  ■ 
nily  of  becoming  acquainted  with  them.  He  inlerpofed  four  I 
glalTcs  of  water  between  the  two  ends  of  the  pile ;  Ihe  glaffes  i 
CajMnifni  fjid  were  con nefl^d  by  means  of  filver  wires,  and  the  ufual  opera-  ■ 
nonoaaon  jjon,  ^^,^.|,[  o^  ^l  the  legs  of  t!ie  wires;  but  it  was  found  that 
'  when  one  of  Ihe  portions  of  water  had  its  furface  covered  with 
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oil,  the  adioQ  was  fufpended  In  the  whole  of  the  glafles.    Tb»  sqjt  conflr*>^ 

experiment  has  not«  however;i  been  found  to  anfwer  in  Eng» 

(and. 


'Jfhuory  qf  the  Adion  qftfic  Galvanic  Apparatm. 

THE  phenomena  of  the  galvanic  pile,  which  at  firfl  view  llementiry 
appear  almod  incapable  of  being  arranged  into  any  fjftematic  ^^^ 
form,  may,  I  think,  bo  all  eafily  explained  by  admitting  the 
truth  of  the  three  following  pofiulates.     \fi.  That  the  dearie  »•  Blcaridtjr  it 
fluid  is  always  liberated  or  generated  when  a  metal  or  any  ox-  ©lldariwi.  "il"* 
idable  fubflance  is  united  to  oxigen ;  2dlif,  That  the  eledlric  EleAricitr 
fluid  has  a  ftrong  attraaion  for  hidrogen ;  and,  3(//^,  That  h[rro*gen!^^ 
when  the  eIo6lric  fluid,  in  pading  along  a  chain  of  conductors,  E  edricity  paflet 

leaves  an  oxidabic  fubfiance  to  be  conveyed  through  water,  it  (•"'""^'y) 

•        ■     •  -r  through  watOTy 

unites  itfelf  to  hidrogen,  from   which  it  is  again  difengaged  in  comblaadon 

when  it  returns  to  the  oxidable  conductor.  *"***  hidrogen. 

The  firft  of  thefe  propofitiors  may  be  confidered  as  almoft Nature  ef  the 
proved  by  the  expef-iments  of  Fabroni,  Davy,  and  WolIaHon  ;  ^"*^ 
the  fecond  and  third  have  not  been  dirc6tly  eftablidied  by  ex- 
periment, but  will  not  appear  improbable  when  it  is  feen  in 
what  a  Ample  and  eafy  manner  they  account  for  all  the  pheno- 
mena hitherto  obferved.  In  endeavouring  to  explain  the  a^ion 
of  the  pile,  two  didindl  fubjeclsof  inquiry  prefent  themfelvcs  : 
}ft.  What  arc  the  operations  carried  on  at  the  ends  of  the  wires 
in  the  interrupted  circuit,  as  difcovered  by  Mr.  Nicholfon  ? 
find,  2dUf,  Wnat  is  the  operation  carried  on  in  the  body  of  the 
pile  itfelf? 

As  the  current  of  the  eleflric  fluid  appears  to  pafs  from  the  Theory  rf  wte 
ainc  or  plus  end  of  the  apparatus  to  the  filvcr  end,  we  niufl^.2y^f,*J^jJJ[* 
fir/l  endeavour  to  afcertain  the  adion  which  takes  place  at  the  El.  pafletfnv 
zinc  end  of  the  wire.     This  in  fact  appears  to  be  the  difen-  ^Xnmvui^^ 
gagement  of  oxigen  in  a  concentrated  (late,  by  which  the  wire  water:  the  os« 

itfelf  when  oxidable,  is  corrotlcJ,  but  which,  when  the  wire  is  '^*"  «ither  ap- 

pears  or  oxidct 
formed  of  a  perfect  metal,  is  difengjged  in  the  form  of  oxigen  thf  mftrii 

gas.     This  oxigen  appears  to  be  tierivcd  irom  tlic  decompofl- 

tion  of  the  water  in  wiiich  the  wire  terminates,  in  confequence 

of  the  attraction  which  the  eleftrlcal  fluid  pofleHes  for  hidrogen, 

and  its  incapacity  of  paffing  through  water  without  being  united 

to  this  fubflance,  according  to  the  fecond  and  third  poflulates. 

The 
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nited  lo  liiilrogen,  U  carried  la  (ha 


ariftbcflui. 


THteUO..na    The  cleflric  fluid   ih 

vifiWj'Mihc '"  **''"^''  P'''"'  "f  'he  wire,  where,  upon  eniering  llie  oxidable 
other  poiiii,  ciJiirtuclor,  il  is  difeiigaged  in  the  Ibrm  of  hidingenoin  ga?,  if 
iiahfotbed  iiid  '^^'^'  be  liie  medium  of  communiration  ;  if  a  folution  of  a  me- 
tlie  litter  he-  lallic  oxide  be  employed,  it  uiiile*  with  the  oxide,  and  reduces 
The  deeompfifition  of  waief  is  iherelore  effefled  al  the 
ic  point  slone,  though  the  dilf-Tent  gaff-*  which  compofe  it 
reJuco  the  ms- ai-e  difengagedal  each  of  llic  poinU  ;  and  this  proctfi  \<'ill 
continue  even  when  the  point*  teraiinate  in  two  difibrcnt  por- 
tions of  water,  as  w at  di (covered  by  Mr.  Davy,  provided  that 
tlie  glaffes  are  united  by  a  conduflor  whitfi  i>  not  oKidnltle. 
eorysf  the  Thj,  ^,3^  i,g  conlidered'as  a.  genera!  explan-ition  of  the  (irft 
^'  fubjeft  of  inquiry ;  we  ra  ufi  next  proceed  to  iiiv'flignte  the  na- 
ture of  the  operation  carried  on  in  the  body  of  the  apparatus 
itftlf.  In  the  conflruSinn  of  the  pile  there  are  two  points  wliich 
are  elfential  to  it;  aflionj  \Jl,  That  the  eleaHc  fluid  be  difcn- 
gaged  ;  and,  2i/y,  That  it  he  confined  and  carried  forw;ird  in 
one  direflion,  lo  as  to  be  concentrated  in  the  end  of  the  appa- 
^liditianof  ratut.  The  firll  obju^  is  evidently  attained  by  the  oxidation 
"kfl"'  ofthezinc  or  other  oxldable  body  employed.  If  both  fide*  nf 
idcMin-  the  zinc  were  oxidated,  the  eteflric  tluid  would  indeed  be  li- 
^^'  'tJl^'' berated,  but  it  would  be  immediately  difperfed,  and  iti  efTefls 
t  hidregtn;  could  not  be  obferved.  As  foon,  however,  as  the  eltflric  mat- 
ter is  evolved,  it  is  immediately  attrafled  by  tlie  hidrogcn, 
which  is  at  the  fame  time  iiecelTarlly  generated  in  the  fluid 
wliich  OKidatcs  the  metal,  and  it  is  by  this  means  conveyed 
a  ufed; 


pjj*'^^  "    acrofs  the  water  to  the  (ilver  plate,  when  two 
'  Jhi^^ni  not    "r,  in  other  cafes,  fimply  lo  the  oppofite  furface 


fthe 


(idat- 


ing  fubfiance.  The  electric  fluid  then  enters  the  fifver  plate, 
««MiSn^B  '"''  inRantly  paffing  on  to  the  contiguous  zinc  plate,  arrives  at 
furAcc  iddf  Co  a  fecond  oxidating  furface.  The  fame  feries  of  events  which 
rt  i^"incfe»fei''**'^ ''*'^""'^'*^'''^^''  '*  here  repeated,  except  that  the  eleftric 
i^raiibtioni  fluid  being  in  fume  degree  accumulated  in  tlie  metallic  plate, 
is  difengaged  by  the  fecond  oxidating  furface  in  larger  ([uan- 
tity,  and  tn  a  more  concentrated  Hate,  than  before.  By  pur. 
fuing  the  fame  train  of  operation*,  it  is  eafy  to  fee  how  the 
elelSric  mailer  will  continue  to  be  ac'Cumulatcd  in  each  fuccef- 
five  pair  of  plates,  until,  by  futficienl  repelition,  it  may  be  made 
to  exifi  in  tlic  zinc  end  of  the  pile  in  any  afligned  degree  of 
force. 

H.vinj 
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Having  thus  exhibited  a  general  view  of  the  hypothefi a  Remarks  i 
which  has  fuggefted  itfelf  to  my  mind,  as  affording  a  fimple  [jj^**?^ 
explanation  ot  the  phenomena,  without  offering  violence  to 
any  of  the  generally  received  opinions  refpe^ing  chemiftry  or 
eledlricity,  I  (hall  proceed  to  illuflrate  its  truth,  by  applying 
it  to  the  explanation  of  fome  of  the  moft  remarkable  properties 
of  the  pile.  It  is  fufHciently  obvious  that  upon  thefe  principles 
the  a^ion  of  the  pile  will  continue  as  long  as  the  furface  of  the 
zinc  continues  to  be  oxidated,  and  that,  the  fize  of  the  pile  re> 
maining  the  fame,  its  energy  will  be  proportionate  to  the  rapi- 
dity of  this  operation.  The  real  difference  between  the  two 
ends  of  the  apparatus  will  appear  to  be  not  i'o  much  a  differ- 
ence in  the  abfolute  quantity  of  eleftrical  matter  contained  in 
them,  as  a  difference  in  the  direflion  of  its  current ;  becaufe 
exadly  the  fame  quantity  of  fluid  which  paffes  out  of  the  zinc 
end  mud  be  received  at  the  filver  end,  when  a  communica- 
tion is  eftablifhed  between  them.  It  may  be  farther  remarked, 
that  when  the  pile  is  con(lru6ted  as  direded  by  Volta,  begin* 
ning  with  zinc,  then  (ilver,  card  and  zinc,  &c.  though  tlie  zinc 
forms  the  balis  of  the  pile,  yet  as  no  change  takes  place  in  the 
eledric  fluid  during  its  paffage  from  the  filver  to  the  zinc,  this 
might  with  equal  propriety  have  been  called  the  filver  end:  in 
order,  however,  to  avoid  confuiion,  the  ufual  language  has  been 
adopted  in  this  paper ;  the  terms  difvharging  and  receivii^  end% 
would  be  more  appropriate. 

It  has  excited  a  good  deal  of  furprize,  that,  in  the  experi-Confidend 
ments  of  Mr.  Davy  and  Mr.  Cruickihank,  apparatufes,  con-^V^*  JP^ 
ftrudled  of  various  flmpes  and  of  fuch  very  different  materials,  and  Crukk 
fliould  be  capable  of  producing  the  fame  operations.     We  may  ^""^k, 
in  a  few  words  enumerate  the  circumftances  which  are  effen- 
tial  to  its  formation.      \Ji,  An  oxidable  fubflance,  one  end  or 
fide  of  which  onlj^  is  to  be  oxidated ;  2d,  A  fubflance  from 
which  the  electric  fluid  generated  during  the  oxidation  can  ab- 
ilradl  hidrogen :  thefe  two  fubftances  muft  be  alternately  ar- 
ranged, either  perpendicularly  or  horizontally;  the  firfl  fetsthe 
fluid  at  liberty,  the  fccond  confines  it  and  condu61s  it  in  the 
proper  diredion.     Wlien  we  admit  the  neceffity  of  the  oxida- 
tion of  the  zinc,  we  immediately  fee  the  reafon  why   the  pile 
ceafes  to  aft  when  perfcdlly  pure  water  is  interpofed  between 
the  plates,  why  the  action  is  fufpended  in  vacuo  and  increafed 
by  oxigen  gas.     The  hypotliefls  advanced  above  fliews  us  how 

an 
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>  be  ronflriicted  of  one  melal  and  charcoal,  of 

»ttol  ^iwifi  "'  ■•'^"  "''  ciiarcoal  alone,  provided  a  proper 

,,  (liiLl  bt  .i**?-***  "» '^'^^  f'i'i'i'x-     The  experiment  relaled 

'  h   Air  0»»v,«fccfv.  upon  uniling  Ihe  ends  of Uie  pile  lo  iwo 

«  ^[j-„ 'of  «i«fbT  means  of  mufciilar  fibres,  while  iheglaffi;* 

S,on.W»r»  wttr  ^meded  by  a  filvw  wire,  ihe  effefls  of  the 

e  wire  were  reverfod,  admits  of  a  fimple  foliilion. 

mult  have  been  coiidufled  along  the  fibres  folely  in 

^fcquciiw  of  Ihe  moifiure  attached  to  tliem;  when  it  left 

e  plus  wiJ  of  *^^  P''*'  ■'  """'''  ''i^'''^''"'*'  decompofe  pari  of 

^  ._-/-.. I :„  union  with  hidrogen  tothelilver 

juld  be  dilcngaged.  The  other 
c  oxidated,  and  llie  hidrogeo 
liiiiis  end  of  the  pile. 

o  fo  unufiial  a  length, 
il  remark  with  refpefl  lo  the 
^  ^f)  gf^rtnlned  by  Kourcroy,  thai  the  power  of  the  pile  in 
-    -^     Ibocb  is  nut  proportionate  lo  ils  power  in  tonfuniing 
^        ■       j{  few  alternations  of  large  plates  are  more  powerful 
r  ilie  latter  operation,  while  the  fame  quantity  of 
jnployed  in  conftrufling  a  liiglior  pile  of  lefs  cliameler, 
■  more  powerful  ihock.     It  appears  from  every  eir- 
-,  that  the  force  of  ihe  (liorlt  depends  aluioD  entirely 
K  concentration  of  the  eleflric  fluid  ;  the  fame  quantity 
n  contained  in  a  few  jars  highly  charged,  would  be 
irilodeilroyanimallife,  ifdifpcrfed  over  100  jars  W.iuld 
ly  perceptible.     On  tlie  other  hand,  in  the  combuQiou 
I)  the  abfolule  quanlily  of  cleftricity  is  of  great 
ided  the  currei 


end!  of  the  **-'«" 


^,  wiier,  and  pafs  alo"g  " 
^n-   where  the  hidrogen  ^ 
^ofthcfil^-«w'l""^"be'^'' 
^orfacd  "'"  ^  evolved  at  tli 
I  iMii-e  protiafled  this  """■- 
^Ifl»llonlyadd  — 


K  of  Dr.  Van  Mar 


d  [which,  from  theexperi- 

appcars  lo  be  the  cafe  with  llie  pile 

a  in  an  amazing  degree),  and  if  the  quantity  of  fluid  be 

nbte,  its  flate  of  intenfity  is  of  lefs  moment  *.    The  in- 

il  reader  will  at  once  perceive  in  what  way  the  fafl  ob- 

idby  Fourcroy  admits  of  explanation  fromlhis  train  of  rea- 


•  Cuthbertfon  firft  obferved  in  a  letter  to  rae  (1793)  the  ftriking 
,  that  the  combullion  of  equal  Irngths  of  the  fame  wire  is  made 
^  equal  quintities  of  eleflricity,  whcthci'  the  intcnlity  be  greater  or 
IcTi  (within  certain  extended  limits).  See  Account  of  Enperimenls. 
rbilof.  Journal,  quaito,  II.  Qli.  Augaft,  I79S.— N. 

III.  On 


ICXCR4NICAL    DEPOSITS    IN    MOUMTAIMS>  &C«  \S 

in. 

Vn,  thefuppojtd  Exigence  qf  Mechanical  DcpofiU  and  PetrrfaSiioni 
in  the  Primitive  Mountaitis,  and  an  Account  of  Petrrfadions 
Khich  have  been  difcovered  in  the  neweft  flotz  Trapp formation. 
By  Mr,  Robert  Jameson.     Cofnmunicated  by  the  Autlior, 

V-/UR  globe,  according  to  the  Wcrncrian  geognofia,  even  The  primitirt 
during  the  depoiition  of  the  newer  primitive  ftrata,  appears  to  "j^^-P****?*" 
have  been  covered  to  a  great  height  with  water,  as  is  evinced  great  depth  of 
by  the  want  of  all  mechanical  dcpofit  *.     After  the  precipi-  ^^^  ^]^*^^ 
tation  of  thefe  great  rock  formations,  the  level  of  the  water 
became  fo  low,  as  to  allow  it  toa6t  mechanically  upon  the  fub- 

jacent  rocks  ;  this  occafioned  the  firfl  mechanical  depofition,  The  traniSeioa 
which  difcovers  itfelfin  the  tranfition  rocks  (Ubergangsge-'^cki  when  the 
burge).     Nearly  at  the  fame  time  organization  commenced,  at'^ich*    ^*'* 


as  it  is  in  the  trandtion  rocks  we  find  the  lirft  traces  of  organic  oiganisatioB  he& 
remains  :  thefe  are  generally  zoophytes  and  fea  plants,  a  fad  **"* 
which  goes  deep  not  only  into  geology,  but  natural  hiftory. 

ProfefTor  Playfair,  in  his  illuftrations  of  the  Huttonian  the-inftanceiofme^ 
ory,  mentions  feveral  inftances  of  mechanical   depoiits  and  5*>an;cal  «iepo4ti 
petiefadlions  which  have  been  difcovered  among  the  primary  offered  by  Pro- 
(Irata,  and  from  thclc  he  concludes,  that  no  fuch  feries  of  ftrata  ^«fl"or  l*layfair« 
as  the  tranfition  exift.     1  fliall  now  examine  the  llatcments  he 
has  given;  and  firfl  refpe6ling  the  occurrence  of  pet  refactions 
in  primary  mountains. 

At  page    Ib-t  he  obferves,  "  Anotlicr  fpot,  affording  in-^  Shells  inpn'ml'^ 
fiances  of  fhel Is  in  primitive  linieftone,  is  in  Devonfhire,  on  5*^«  ^'"»5ftop^ 
the  fea  fliore,  on  the  eafl  fide  of  Plymouth  dock,  oppofite  toof  piy^oluh^ 
Stonehoufe,  I  found  a  fpecimen  of  (liiftofe  micaceous  lime-*c- 
fione,  containing  a  fliell  of  the  bivalve  kind ;  it  was  flruck  off 
from  the  Iblid  rock,  and  cannot  polFibiy  be  confidered  as  an 
adventitious  fotlil.     Now,  no   rocks  can  be  more  decidedly 
primary  than  thofe  about  Plymouth  ;  they  confifl  of  calcareous 
ftrata,  in  the  form  either  of  marble  or  micaceous  limcftone, 
alternating  with  fliiftus  of  the  fame  kind,  which  prevails  through 
Cornwall  to  the  weft,  and  extends  eaftward  into  Dartmoor, 
and  on  tlic  fea  coaft  as  far  as  Berry  Head,     Thefe  all  inter- 

*  The  exception  to  this  in  the  fienite  formation  I  dxplained  in  a 
Conner  paper, 

feft 
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fe^  Ihe  horizontal  plane  in   a  line  from   eafl  to  weft  nearly  * 

they  are  very  ere6^  tliole  at  Plymoiuh  beincr  elevated  to  the 

But  it  is  not       north."     Tiiat  petrefadtionsexifl  in  tiie  limeltone  at  Plymouth 

proved  that        is  evident ;  but  that  thefe  Ikata  are  primitive,  dill  remain  to 

thofc  ftrata  are     ,  j       -r-i         i  •  i-     \ 

primitive.  "^  proved.     The  chara6ler  given  of  the  li:neltone  does  not 

exclude  it  from  the  tranfition  ftrata  ;  but  of*  the  Ihiftus  wc  can- 
not judge,  as  neither  its  orydogiKjftical,  or  geognoftical  cha- 
ra6ters  are  given.     The  other  inltances  which  are  alluded  to, 
arc  liable  to  the  fame  ohjedion.     I  cannot  therefore  agree  with 
Whence  the       PiofelTor  Playfair  in  believing  *'  Though,  therefore,  the  re- 
concli^onofthe^^jjjj^g  of  marine  animals  are  not  frequent  among  the  primary 
^reed  to.  rock?,  they  arc  not  excluded  from  them  ;  and  heiice  the  ex- 

iftence  of  ftiell  fifli  and  zoophytes,  is  clearly  pro\*'ed  to  be  an- 
terior to  the  formation  even  of  thofe  parts  of  the  prefent  land 
which  are  j 'I ftly  accounted  the  moft  ancient.'* 
The  pofition  ProfefTor  Playfair  agrees  with  Dr.  Hutton  in  affirming,  that 

that  vegetable     vegetable  matters  occur  in  the  primitive  ftrata  :  I  do  not  find 
matters  arc  .    '^  .       •  /»      i  i        i 

found  in  pri-     ^^  neceiTary  to  enter  mto  an  exammation  of  what  tfiey  have 

mitive  ftrata      faid  upon  this  fubjed,  as  they  have  evidently  confounded  a 

•mined.         *  geognoftical  with  an  ory6lognoflical  inveftigation. 

Prof.  Playfair'i       I  fhall  now  examine  the  proofs  which  ProfelFor  Playfair  has 

prooftof  mecha-[jj.Qypr}^^  to  eftablifli  the  exiftence  of  mechanic*al  depofits  ia 
nicai  depobts  m       .    ? .         _  '^ 

primitive  ftrau   prmiitive  ftrata. 

examined.  The  firft  we  meet  with  is  from  SaufTure.     ProfefTor  Playfair 

Mount  St.  Go-  remarks,  "  St.  Gothardis  a  central  point,  in  one  of  thegreat- 

thard  a  central     ^^  trails  of  primary  mountains  on  the  face  of  the  earth,  yet 

primitive  moun-  *  •'  ..... 

tain,  has  arena-  arenaceous  ftrata  are  found  in  its  vicinity.     Between  Ayrolo 

eeoua  ftrata  in  ^nd  the  Hofpice  of  St.  Gothard,  Sauflure  found  a  rock,  com- 
pofed  of  an  arenaceous  or  granular  pafte,  including  in  it  horn- 
blende and  garnets.  He  is  fo.r.ewhat  unwilling  to  give  the 
name  gres  to  this  ftone,  which  Mr.  HelTon  has  done  ;  but  he 
neverthelefs  defcribes  it  as  having  a  granulated  ftru6ture.'* 

Obfervadon.  The  rock  of  A}  rolo  is  primitive,  and  is  either  gneifs  or  mica 

The  rock  here  (j^^^^     Garnets  are  feldom  found  in  ffneifs,  but  are  characle- 

mentiooed  was  ^ 

gneiftormica     riftic  for  mica  flate  ;  the  geognoll,  therefore,  would  not  hefi- 

^*te.  tate  to  confider  the  rock  here  mentioned  as  belonging  to  mica 

flate. 
Inftances  by  ProfefTor  Playfair  continues,  "  Among  the  moft  indurated 

p.  Playfair  of    rocks  that  compofe  the  mountains  of  this  ifland,  many  are  are- 
ceous granite,      naceous.     Thus,  on  the  weftern  coaft  of  Scotland,  the  great 

body  of  high  and  rugged  mountains  on  the  ftiores  of  Arafaig, 

Ac. 
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S:c.  from  Ardnamurchan  to  Glcnelg,  confifts,  in  a  great  mea' 
fure,  of  a  granitic  fanddonc,  in  vertical  beds.  This  flone 
fometimcs  occupies  great  trails ;  at  otlier  times,  it  is  alter- 
nated with  the  micaceous,  and  other  varieties  of  primary 
fhiflus ;  it  occurs,  likewife,  in  feveral  of  the  iflands,  and  is  a 
foini  which  we  hardly  find  defcribcd  or  named  by  writers  on 
mineralogy.^* 

The  granitic  fandftone  of  Glen-elg  is  moft  certainly  gneifs  *,  Obf.  This  gra- 
and  a  variety  which  is  not  uncommon  ;  and  I  may  venture  to  "'^*f^"°*^*"** *• 
fay,  that  the  firata  in  Arafalg,  &c.  are  of  the  fame  nature. 

Profcflbr  Play  fair  concludes  with  dating  the  following  exam- Other  examples 
pies,  as  a  further  confirmation  of  his  opinion — "  Much  alfoof  ?f       f* l*j     ' 
a  highly  indurated,  but  granulated  quartz,  is  found  in  feveral  quartz  in  beds 
places  in  Scotland,  in  beds  of  ilrata,  alternated  with  the  com- V'^^'IV'"^**'^ 
men  Inutus  oi   the  mountain.     Remarkable  mftanccs  ot  this 
may  be  feen  on  the  north  fide  of  the  ferry  of  Balachulifh,  and 
again  on  the  fea  (hore  at  Cullen.     At  the  latter,  the  firata  are 
remarkably  regular,  alternating  with  different  fpecics  of  (hiflus. 
At  the  former,  the  quartz  is  fo  pure,  that  the  flonc  has  been 
niiflaken  for  marble. 

"  Thefe  examples  are  perhaps  fuflTicient ;  but  I  mufl  add, 
that  in  the  micaceous  and  talcofe  fchifli  themfelves,  thin  layers 
of  fandare  often  found  interpoferl  between  the  layers  of  mica 
or  talc.     I  have  feen  a  fpecimcn  from  the  fummit  of  one  of  the 
highefl  of  the  Grampian  mountains,  where  the  thin  plates,  of 
a  la  ley  or  afbefline  fubftance,  are  feparated  by  layers  of  a 
very  line  quartzy  fand,  not  much  confolidated.     The  moun- 
tain from  which  it  was  brouglit,  confifts  of  vertical   ftrata, 
much  interfedled  by  quartz  veins.     It  is  impoflible  to  doubt.  Whence  he 
in  this  inftance,  that  the  thin  plates  of  die  one  fubftance,  and  ^^"^'"**^*  **^ 
the  fmall  grains  of  the  other,  were  depofi ted  together  at  the  f,tcd  (mechani-* 
bottom  of  the  fea,  and  that  they  were  alike  produced  from  ^ally)  at  the 
the  degradation  of  rocks  more  ancient  than  any  which  now  *°^^   "*' 
cxift." 

I  am  furprized  ProfefTor  Playfair  fliould   adduce  granular  Obf.  Granule 
quartz  as  a  proof  of  mechanical  depofition,  as  it  has  no  more  *!"*''"  *'  "°^ » 
claim  to  fuch  a  character  than  granite.     The  following  obfer-a  chemical  depo- 
rations  will  render  this  evident ;  granular  quartz  differs  from  fition. 

jaica  ilate,  in  the  abfencc  of  the  flaty  fradlure,  and  mica ;  we  from  mica  flate 

in  the  abfence  of 
*  Mineralogy  of  the  Scottiih  ifles^  vol,  ii.  p.  160,  flaty  fradttrcj  - 

have  ^"^  ^^  ^*^ 
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letwon  tub  have,  howeuer,  a  fcries  frem  the  mo(]  tompkte  jranulaj-  quart* 
■n  gt«lu»L  (o  tijg  ^qU  perfefl  ^jca  flale.  Again,  mica  flale,  which  dif- 
ftJ^^^n^Trfi^"''""*"™"' £"*■''''•  '"  waning  W*par,  i'  to  be  obfcrved  in  all 
turning  frirpiri  (he  inlcrmcdiale  rtages  until  it  paf!e»  into  complete  gneifs; 
J^='=^'!['"*"thegncifs  whidi  is  principall)' diftlngiiithed  from  granite  by 
cqiutly  graiuil.  its  flaty  fia^urc,  graduiilly  lufus  this  Iraf'liirc,  and  al  length  is 
Awl gnciri i<f-  not  tobc  dillingiiiflied  from  granile.  Thus  we  have  a  coni- 
hj  iu  Oil)  fVic-  plete  gradation  Trom  the  piireft  granular  rjuartz  lo granite,  and 
lurt,  whith  i<  not  only  in  hand  fpecimen^  but  in  ihe  mtiunlains  themfelves. 
WtiT  "  ''  ^'  ''■crHfore  fnlloxvsj  that  if  granular  quartz  is  a  mechanical 
Tbegf»d»iiofl  depafit,  fo  i?  granite,  a  pofiiifin  which  I  believe  the  Hulto- 
Ja^irg'^iie  "'^"  Ofiem  wuuld  not  allow. 

being  perfett.         That  the  granular  quartz  (hoM  occur  fomelimei  of  a  very 

""'  "  ^    loofe  texture  j  nay,  even  3.^  Profellbr  Plajfair  remarks  fandy, 

niul  depart  I       i)  not  furprizlng,  for  in  granite  and  bafait  we  have  limilarap^ 

L^f'ttiwre''!.''"""'^^''  ^*'^"  '"  ^^'"*'  "''''^*'  '"  "'^  Pfofi-iibr  Playfair's 
nofroorof  IDC-  Own  words,  bear  all  (he  marks  of  complole  fuHon,  layers  of 
cbiniui  icfolk-  granular  quartz,  friim  the  muft  compact  to  the  loolenefs  uf  fand 
iTuyciof  have  been  obferved.  The  great  fand  veins  in  the  Hariz  af- 
Iknil  »re  toimd  ford  remarkable  inllances  of  this ;  alfii,  as  I  have  more  lately 
in  ibE"*oklnit:    difcov-ered,  the  lead  veins  at  Wanloik^head  in  Lancafhirc. 

Atcoant  t^  Organie  Temaini  luhkh  hart  been  difcorenftl  in  the 
ntwfft  t'iott  TmppfQrmalian. 
Many  difTerent  accoiinl<  had  been  given  of  the  geognoflic 
relation!  of  die  rocks  of  this  formation,  before  they  engaged 
thealtontinn  of  Werner,  the  great  founder  of  true  ^ragnnfia. 
After  having  made  the  remarkaWt-  difcovery  upon  ihe  hill  of 
Scheibenberg,  he  e^lended  his  inijairies  to  all  the  bafalt  hilU 
Germany,  and  fiiund  Jn  every  quarter  correfpnnding  ap- 
pearances.    This  confirmed  mure  completely  the  conclufions 
he  had  then  dravni,  and  inlirdy  overthrew  the  volcuniL-  fyf- 
"e  however  did  not  liup  here;  his  after  obfervalions 
difclofed  a  conneflion  among  Ihefe  appearances,  which  at  Rrll 
lot  probably  a.wareof;  they  placed   the  Neptunian 
fyflem  beyond  the  reach  of  attack,  and  complete!  j  annihilated 
11  liofl  of  h)  pothefes.     He  proved/ 
Refaln.  I.  Thit      I .  That  ihis  is  the  n«we(l  of  ail  the  great  rock  formations, 
thii  ii  the  nr«-  of  which  the  crull  of  the  earth  ii  cninpofed. 
TOkiV"  *™'       ^-  '^''^'  ""  ""^  apparently  imconnefled  hills  and  niBlTe*  of 
•.  Thji  ill  the   this  formation,  have  formerly  flood  in  connefliou  with  each 
■•w  unconMC-    ^^^^^^ 

3.  Tiiat 


ihcory  irc  fald 

nwrk  of  com- 
Cci.cnl  sbfcr- 

I 
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3.  Tliat  it  eKi(1«  in  all  quarlers  of  tlic  globe.  ted  tnlTa  if 

Thefe  tiai  lead  him  lo  the  greal  difcovery,  that  this  for-  jj|!'j^^™j^, 

nation  at  one  time,  extended  as  a  covet  around  liie  whole  ntflcd. 

«arlh.     From  ihefe  obfervalions  it  is  evident,  that  we  may  .J;  Tbitit«- 

.  J  ini  erery  wntre, 

expea  to  meet  with  vedigei  of  many  of  the  organic  and  un-  ^.  Th,[  it  for. 
organic  matter  which  al  thai  time  exited  upon  the  crufl  of  the  '?"''',  """"i 
earih,  in  the  cocks  of  thii  fotinalion.  Accordingly,  the  '"- mil  mull  ton.' 
vcftigalionsof  geognoflshave  difcovered  organic  remains  in  tain  orgMie  n- 
evcry  rock  of  thii  formation ;  the  folluwing  are  given  as  in- 
flancet : 

Organk  remaini  in   Qreenjlone,  Bujblt,  Wucke,  and  Trapp 

Buccin. 

QUADRUPEDS. 

1,  Werner  in  his  geognoftic  leftures,  informs  ui  that  the  Orjinit  renuint 
vracken  of  Kallen-nordhtim  is  fometimes  found  to  contain  ["A'*'^!/?''"'*' 
decii  horns,  foumi'i  i^i.  sf 

2.  The  Abbe  Fortis  difcovered  the  head  of  an  unknown  l'™l"'P"'«' 
animal  in  a  fuft  wacken,  in  thtr  valley  of  Ronca  in  the  Vero- 

I   nefe.     (7it  BcfchrMurn;  da  Thales  Rnnca,  f.  WS, 

.  SauiTure  obfeived  bonci  of  quadruiwds  in  the  wacken  of 
I  the  catacombs  of  Rome. 

lettn  a  Mr.  U  Chen.  Hamilton,  J.  dt  Ph^ue.    Tohi.  VII. 

SHELLS  AND  ZOOPHYTES. 

1.  Df.  KichardfoD  found  lliells  in  rocks  of  the  Trapp  for-  of  Owlli  ud 
(nation  at  Ballycafilc  in  Ireland. — Kirwai^t  Geol.  Efayt.  Moopliytet. 

2.  Mr,  Von  Buch  informs  us,  tha.t  in  the  county  of  Lan- 
dtck,  he  obferved  a  bed  of  wacken,  which  contained  heftdes 
pebbles  of  chalcedony,  turbinites  in  a  flate  of  compleie  pre- 
fervauon.  VtrjUch  einer  mirteraiogiHen  Vc/chrdliuiig  von  Lan^ 
deck,  ton  LcopM  loa  Burk.  /,  35. 

3.  Abb£  Fortis  obferved  numerous  petrefaftions  of  (hells  in 
Wacken,  and  Trapp  Breccia,  alfo  a  few  in  JJafalt,  in  the  for- 
mation ol  the  valley  of  Roiica. 

4.  Berolding  found  a  cornu  ammonii,  which  Hill  retained 
it*  mother  of  pearl  luftre,  in  the  bafalL  of  Torez.  In  the  ba. 
(alt  of  Thurgau,  near  the  Boden  lake,  he  obferved  gryphites, 
smmonites,  and  glolTopetrx,  Chcm.  Aimal.  I7d^,  p.  103. 

5.  In  the  Wernerian  coUeflion  of  petre/aiftiona  I  faw  fpe- 
cimens  of  grtienllone,  containing  peLrefa£lion:i  of  flidU. 

Vol.,  iH.— S»fTaMBKK,  1302.  C  VEGE- 
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VEGETABLE   REMAINS. 

1.  Werner  obferveii  great  trees,  with  branches,  leaves,  and 
fruit,  in  the  wacken.  at  JoachlmAlial. 

2.  Frieileben  defcribes  the  impreflion  of  a  plant  in  the 
Kawfower  Berg,  near  to  Podredliiz, 

3.  In  the  inand?  of  Banna  and  Skye  I  obferved  pieces  of 
wood  in  Trapp  Breccia,  and  Mineralogy  of  the  Scottifli  ifles, 
vol.  ii.'p.  58— 75. 

"•      Organic  remains  found  In  (laly  clay,  limeftone,  and  fand- 
flone,  which  belongs  to  <hc  FlOtz  Trapp  formation. 

SHELLS. 

1.  AbW  Forli«,  in  his  account  of  the  valley  of  Ronca,  in- 
forms u«,  that  limeltone  and  flaly  clay  olleii  alternate  with 
bafaJl,  wacken,  and  Irapp  breccia.  The  limeftone  and  llaly 
clay  contains  numerous  petrefaciions  of  (hells,  which  are  of  the 
f^me  kinds  wilh  ihofe  found  in  tiia  bafall,  wacken,  and  trapp 

2.  In  the  ifland  of  Eigg,  where  there  appear*  to  be  a  fimi- 
lar  formalion  wilh  that  of  Ronca,  I  obfetved  that  the  lime- 
finiic,  /laty  clay,  atid  fandlione,  cmilained  numoroui  petre- 
faaioni  of  thells.     Mineralogy  of  the  Scottilli  ifles,  vol.  ii. 


VEGETABLE    REMAINS. 

1.  At  the  northern  extremity  of  the  iQand  of  Skye,  where 
bafalt  allernalei  with  limeftone  and  ftaty  clay,  1  obferved 
pieces  of  carbonated  wood  in  the  limeftone.  Mineralogy  of 
the  Scottifti  ifles.  vol.  ii.  p.  HO  *. 

2.  In  the  ftinty  fandftonc,  which  ufually  accompanies  ihil 
formation,  1  have  obferved  branches  of  fliriibs;  vegetable 
matters  that  occur  invelnped  in  rocks  are  generally,  eilhet 
carbonated  or  biluminated,  here  however  they  are  not  altered. 

R.  JAMESON, 
SherifBrtt,  Lath. 

■  Mr.  Kirwan,  in  the  firft  volume  of  Ills  Syftcm  of  Minci-alogy, 
\*i  given  uian  excellent  account  of  rlic  different  opjnioni  rFrpefting 
the  formation  of  bariltj  and  has  adduced  many  arguments  that 
'&ew  ihe  fallacy  of  the  Volcanic  and  Plulonic  hypoihcfu. 

POSTSCRIPT. 
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POSTSCRIPT. 

Since  writing  the  inclored,  I  have  examined  one  of  thofe 
appearances,  which  are  confidered  by  Dr.  Hutton  and  Pro- 
feflbr  Play  fair,  as  demonflrating  the  exiftence  of  petrefadtions 
in  primitive  mountains.     Dr.  Hutton,  at  p.  334-  of  his  Theory 
of  the  Earth,  remarks,  "  I  have  already  obferved,  that  one  Dr.  Hotton's 
fingle  example  of  a  (hell,  or  of  its  print,  in  a  fchiflus,  or  in  ^f^^j^JJ^^^jlj, 
Hone  Gratified  among  thofe  vertical  or  ereded  mafles,  fuffices  mechanical  on- 
to prove  the  origin  of  thefe  bodies  to  have  been,  what  I  hadK^ofP""^^ 
.  r  n  I  r  I     «>untne$  from 

maintained  them  to  be,  water  formed  ft  rata  created  from  the  the  exiftence  of 

bottom  of  the  fea,  like  every  other  confolidated  ftratum  of  the  o'l^* '«™^ 

earth.     But  now,  I  think,  I  may  aflfirm  that  there  is  not,  or 

rarely,  any  confiderable  extent  of  country  of  the  primary  kind« 

in  which  fome  mark  of  this  origin  will  not  be  found,  upon 

careful  examination ;  and  now  I  will  give  my  reafon  for  this 

affertion.     I  have  been  examining  the  fouth  alpine  country  of 

Scotland  occafionally,  for  forty  years  back,  and  I  could  not 

find  any  mark  of  an  organized  body  in  the  fchiflus  of  thofe 

mountains.     It  is  true,  that  I  knew  of  only  one  place  where 

limeflone  is  found  among  the  flrata  :  this  is  upon  Tweedfida 

near  the  Crook.     Tiiis  quarry  I  had  carefully  examined  long 

ago,  but  could  find  no  mark  of  any  organized  body  in  it.     I 

fuppofe  they  are  now  working  fome  other  of  the  vertical  flrata 

near  to  thofe  which  I  had  examined:  for,  in  the  fummer  of 

1792,  I  received  a  letter  from  Sir  James  Hall,  which  I  (hall 

now  tranfcribe.     It  is  dated  Moffat,  June  2,   1792. 

"  As  I  was  riding  ycflerday  between  Noble  Houfe  and  the  Sir  James  ttdPi 
Crook,  on«the  road  to  this  place,  I  fell  in  with  a  quarry  of *?^°""^  ?^  *^: 

.  nrr  /-n  i  nic  remaini  m  I 

alpine  limeflone;  it  confifls  of  four  or  five  Itrata,  about  three  limeftone  ftated 

feet  thick,  one  of  them  fingle,  and  the  refl  contiguous  ;  they  ^  **  prinuiifc 

all  (land  between  the  flrata  of  flate  and  fchifl,  that  are  at  that 

place  nearly  vertical.     In  the  neighbourhood,  a  flate  quarry 

is  worked  of  pure  blue  flate  ;  feveral  of  the  flrata  of  flate  near 

the  limeflone,  are  filled  with  fragments  of  limeftone  fcattered 

about  like  the  fragments  of  fchifl  in  the  fandflone,  in  the 

neighbourhood  of  the  junction   on  our  coafl.      Among  the 

maffes  of  limeflone  lately  broken  off  for  ufe,  and  having  the 

fradure  frelb,  I  found  the  forms  of  cockles  quite  diftinct,  and 

m  great  abundance.     I  fend  you  three  pieces  of  this  kind,'' 

&c. 

C2  It 


» 
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II  maj  perhaps  be  alledged,  that  thofe  mountains  of  Cum- 

bcfland  and  Tweedale  arc  not   llie   primary  mountains,  but 

compofed  of  (lie  fecondary  fchiflus,    which  is  every  where 

known  lo  contain  Uiefe  objefls  belonging  lo  a  former  earth. 

Naluralifls  who  have  nol  an  opportunity  of  convincing  them- 

felves  by  their  proper  examination,  muft  judge  with  regard  lo 

that  geological  h&  by  the  defcription  of  olUers.      Now  it  is 

nioft  fortunate  for  natural  hiftory,  that  it  has  been  in  this  range 

of  mountains  that  wc  tiave  difcovered  thofe  marks  of  a  marine 

origin;  for,  I  fliall  afterwards  have  occafion  to  givetlieclcar- 

cft  light  into  this  fubjefl,  from  obfervations  made  in  oUier  parts 

of  thofe  fame  mountains  of  fchift,  by  which  it  will  be  proved 

that  they  arc  primary  ftrata ;  and  thus  no  manner  of  doubt  will 

remain  in  tiie  minds  of  naturalifls,  who  might  olherwife  fuf- 

pefl  that  we  were  deceiving  ourfelvej,  by  miilaklng   the   fe- 

eomlary  for  the  primitive  fchiflus. 

rktbitthe      Dr.  flutlon's  account  of  the  mountains  in  the  fouth  of  Scot- 

j^j  land  IS  confufcd  and  unfcientifical,  and  hardly  comes  witliiri 

the  pale  of  true  gcognoftn.     It  h  nol  my  intention,  at  prcfcnt, 

to  enter  into  an  examination  of  his  obrer\'ations  ;  the  objcft  of 

this  poilfcript  is  to  (liew,  that  the  linieAone  between  Noble 

Huufe  and  the  Crook  Inn  docs  not  bclunj^  lo  the  primitive 

id  be-      mountains.     The  beds  of  limcftone  mcnliuned  by  Sir  James 

i™flia'   "'^''  I  "bfetved  lying  between  flraU  of  tranfition  Hale,  and 

[ling  with  this  Hale  alternating  with  Arata  of  grey  wacke  ;  confei^uenlly 

'fg")'      ihe  whole  belongs  to  the  tranClionclafs  of  rocLs. 

n  of  The  limeftone  has  a  blueilh  grey  colour,  fra€iure  is  foliated, 
r<Kki*the  didinfi  coneretions  are  from  coarfe  to  line  grained,  and  it 
is  hardly  iranHiicid  on  the  edges.  It  is  often  travcrfed  by 
veins  of  calcareous  fpar,  and  fometiroes  it  conloins  thin  beds 
of  flinty  (late  (Kiefel  Schieferof  Werner).  Tlie  tranCtion 
flate  has  a  blucith  or  fmoLe  grey  colour,  has  generally  lefs 
Iiiftre  than  the  primitive  Date,  and  contains  much  inteilperfed 
mica.  I  obferi'fd  it  in  all  the  (lages  from  nearly  pure  ilate  to 
grey  wacke.  The  grey  wacke  is  compofed  of  fragments  of 
traniition  flate,  flinty  Hale,  and  quartz,  connefled  by  a  bail) 
of  tranfition  flaie.  It  is  frequently  truverfcd  by  veins  of 
quartz,  and  is  to  be  obfcrved  where  the  fragments  are  hardly 
dillinguiihablc  from  their  iize ;  it  has  much  the  appearance  of 
B  breccia,  I  (liall  take  another  opportunity  of  fending  you 
drawing!)  of  the  dilferent  kinds  of  pelrefadions  that  occur  in 
the  liniellonc. 

IV.  A 
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IV. 

A  Mctltod  of  increafing  the  SenJibiUty  qf  the  Barometer,  ad  libi- 
tum. By  the  Rev.  Jambs  Wilson,  A.  M.  Communicated 
by  the  Author. 

jL  hough  there  have  been  many  contrivances  for  making  Contrirances  to 
barometers  with  indefinite  fcales,  they  all  feem  to  labour  under  ^^l^f  J})*  ^^^ 
fome  difficulty  either  in  their  conflru6lion  or  ufc.  r  meter 

The  evaporation  of  water  in  that  of  Des  Cartes,  Uic  flueeifh  ^^  ^"^^M  *>y 

r  I  .      ,     1       .  .....  .      h  rixontal  or  m. 

motion  of  the  mercury  m  the  horizontal  and  diagonal  ones,  the  alined  columiis, 
fri^ion  in  Dr.  Hooke's,  and  the  undeadinefs  of  floating  bodies  ^y  mechtmim 
in  Rownings,    have  rendered  theie   mgenious   contrivances  j,,^^  ^^  _,y^ 
fcarce  preferable  to  the  common  vertical  one.  ufeful. 

None  of  thefe  defeats,  I  believe,  will  attach  to  tliat  which  I  Defcnptlon  of  a 
propofe.  It  is  as  follows:  (See  Fig.  1.  Plate  II.)  A  B,  a  ^ube 'J^'JJ^jYnic  \ol* 
diftering  in  no  fefpe6t  from  that  of  the  common  barometer,  floats  in  the 
but  tiiat  it  is  wider  and  longer,  fo  that  a  cylindrical  rod,  q  r,  ^^^^^i^  \^^ 
may  float  freely  on  the  mercury,  and  that  the  lower  end  is  ter. 
connedled  to  a  fmall  bent  tube  BCD,  inflead  of  being  im- 
merfcd  in  aciflem.     To  the  lower  end  of  the  floating  rod  is 
fadcned  a  hair,  or  fine  iron  wire,  (what  I  ufed  was  a  piece  of 
the  Indian  weed  ufed  by  anglers)  which  is  brought  through 
the  mercury,  and  out  at  D,  fo  that  the  rod  may  be  either 
drawn  down,  or  fuffercd  to  afcend  at  pleafure. 

Upon  tlie  tube  C  D  is  a  mark  N,  to  which  by  moving  the 
rod  we  can  at  any  time  bring  the  furface  of  the  mercury.  For 
by  drawing  it  down  we  force  up  mercury  into  each  tube,  and 
on  the  other  hand,  by  fuffcring  it  to  afcend,  we  fuffer  the 
mercury  to  defcend  in  each. 

The  furface  of  the  mercury  then  being  brought  to  this  mark,  and  li  drawn 
and  the  rod  being  faftened,  by  tying  the  hair  to  the  pin  E.  i^'J^eTcul"^iU^e 
on  infpeding  it  afterwards,  we  find  that  the  furface  of  the  inrernal  rife 
mercury  has  moved  from  N,  we  are  fure  there  has  been  fome  ""f^*  ^*  J**^?' 

furface  to  it  ind 

variation  in  the  weight  of  the  atmofphere,  viz.  if  it  has  fallen,  at  a  fixed  mark. 
we  know  that  this  weight  has  increafed,  and  vice  verjYi. 

The  variations  either  at  M  or  N  are  in  a  given  ratio  to  the  The  variations 
variaUons  in  the  length  M  N  of  the  fuHained  column,     por  "*  ^*'%*"""  ^' 

P  outer  (urtaceara 

the  rife  or  fall  at  M,  is  to  the  fimultaneous  fall  or  rife  at  N,  in  proportioned  to 

the  inverfe  ratio  of  the  bafes,  or  horizontal  fedtions  of  the  ^''"^f  '^^  \^^ 

whole  coluina* 
mercury 


Proof. 
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mercury  at  M  md  N  ;  nameiy,  as  the  area  of  the  hotizonf* 
frflionofthetube  DC  ifloihe  difference  of  the  areas  of  the 
horizontal  fefiions  of  Ihe  lube  A  B,  and  of  the  rod.  That  is, 
if  D,  <i,  and  r  be  ihe  diamelcr  of  the  lubes  A  B,  D  C,  and  rod, 
asd*;D*  —  I*,  which  is  a  given  ratio,  and  confequently 
each  quanUly  has  lo  Ihe  fum  of  both,  which  h  the  varia- 
lion  in  the  lenglh  M  N  a  given  ratio,  e.  gr.  d*  (or  D*  —r*)  ; 

The  variations  either  at  M  or  N  would  therefore,  if  w» 
could  meafure  ihem  with  fuflicienl  accuracy,  cKprefs  truly  ihe 
variation  in  the  weiglil  of  the  atmnfphere, 
mtb  tic  thoft  But  if  inflead  of  attempting  ihis,  we  move  the  rod  by  means 
Moftherod-  ol""!^  ^^''  ""''1  ^^^  mercury  return  lo  N,  by  Ihe  length  of 
IfilbcinMur  rod  moved  either  into  the  mercury,  oroulofit,  we  have  an - 
calc  «l]uilcd  la  oidermeafure,  and  one  as  long  as  we  pleafe,  of  the  variations 

in  the  weight  of  the  atmofphere. 
S^.?*"?.'^..*"'  For,  fuppoCng  ihc  mercury  to  have  fallen  at  N,  any  fpace 
Nj,  and  rifen  at  M,  a  fpace  My,  for  the  adjuftment  wc 
muil  draw  down  the  rod  until  it  has  difplaced  as  iiiutli  mer- 
cury as  will  (ill  ihe  fpace  N  i,  and  alfo  a  fpace  yx  in  the  other 
tube  of  piecifely  the  fame  bulk,  through  which  it  muH  rife  at 
the  fame  time.  The  length  of  rod  drawn  down  for  each  of 
thefe  purpofes  will  have  a  given  ratio  lo  the  fpace  N  x,  and 
confequenUy  their  fum  added  to  My  will  have  a  given  ralio 
lo  it:  and  thence,  asN  j  is  a  meafure  of  ihe  variation  of  the 
almofphere,  thi?  portion  of  rod  will  alfo  be  a  meafure :  and 
manifeftly  il  may  be  increafed  at  pleafure  by  lelTening  the 
thicknefs  ot  the  rod. 

This  appears  as  follows.  The  proporlion  of  the  rife  in  one 
tube  to  the  (imultaneoua  fall  in  the  other  upon  any  change  of 
the  weightof  the  almofphere,  was  above  determined  to  be  as 

b;,_|^  ;  :  -T^.  Let  ^bethe^uauiifyof  mercury  transferred  from 
one  tube  to  the  other,  the  heigiits  Mjr  and  N  i  will  be  = 

I  9 

'm_  ,i  and  jr  and  the  fum  of  thefe  is  the  variation  which 

would  take  place  in  De  Luc's  baromelcr. 

The  variation  My  =  ryiL'T*  '*  f^''"  ""  ""^  ^'^  without 
moving  it ;  upon  moviDg  it  there  is  added  lo  this,  firft,  —7- 


lliPaOVEI>  »AROHKTBat.  2} 

toorcsfion  the  afcent  Nor  (the  bulk  of  rod  drawn  down  for 

that  purpofe  being  =  to  the  bulk  of  q,  and  thence  its  altitude 

q  \  9D*— 9r* 

=— J  J  and  fecondly,        ,^   ^-     to  occafion  the  equal  fimul- 

taneoos  afcent  y  x  (fince  the  bulk  of  rod  drawn  for  that  pur- 
pofe is  greater  than  the  bulk  9  in  the  ratio  D^'-r*  :  d^,  and 

qD*^qr* 
therefore    equal    to    -^ and  its   altitude    equal  to. 

d*  r»     ^' 

The  fum  of  thefe  three  — 2L  +  X  +  ^P*-^^*  jj  the 

whole  variation  feen  on  the  rod.   This  is  to 2 U  -JL, 

the  variation  on  De  Luc's  fcale,  (by  bringing  them  to  a  com- 
mon denominator)  as  D*— 2  D*  r*  -}-  D»  d*  +  r*  :  D*  r*  + 
d*  r^-'-r^  which  is  a  given  ratio;  and  therefore  the  rod  af- 
fords an  accurate  meafure. 

Let  s  and  1  be  the  rod  (bale,  and  the  common  (bale  s  =5 

D^-2D*r*  +  D»  d*  +  r* 

•        £)a^»  +(i*r*-r* '  ^^^^^  ^y  perforiping  the  divi- 

.  .  D*  (f»        d* 

non    gives  the  infinite  feries  -r  —  1  +  ^T  ""n?  +  ^^' 

P*  .  .     . 

"^  is  the  principal  term  of  this  quote ;  for  the  fum  of  the  in&<> 

nite  feries  commencing  with  —  1  is  r\,   1  ^^.J  which  is ne- 

ceflarily  lefs  than  a  negative  unit ;  and  if  d  be  fuppofed  to 
vary,  decreafes  Aill  as  it  increafes. 
The  fcale  therefore  being  increafed  in  fo  trifling  a  degree 

by  the  increafc  of  d,  may  be  faid  to  be  as  -j- 

The  narrower  the  tube  D  C  is  I  (hould  fuppofe  the  better ; 
iince  though  the  fcale  is  diminiihed  in  a.  fmall  degree,  yet  the 
variation  N  jt  is  rendered  more  fenfible,  which  is  a  point  of 
great  importance. 

Injury  from  agitation  is  thus  alfo  in  fome  degree  prevented. 

Though  we  can  thus  from  D,  d,  and  r  calculate  the  fcale.  The  fcale  of  tfa 
yet  as  we  can  fcarcely  meafure  them  with  fufficient  accuracy,  ^?"*.°^^L^^ 

the  obfervation. 


r 


iz.  by  finding; 


Witei  paund  t 
the  ttpaltiS  fui 
Ace  of  1  fypboi 


IMFKOVCD    BAROMETCKS. 

ttie  befi  way  \%  to  determ  ine  it  by  obfervation,  ■ 

how  much  of  the  rod  esprefles  fume  larger  ■ 

comraon  baromeler,  and  then  taking  out  the  rod  and  grada- 

sling,  &C.  or  rather  by  taking  the  mean  of  a  great  number  of 

obfervBltons, 

Should  this  be  found  on  &  fuHicient  trial  to  anfwer  the  pur- 
pofe,  I  can  point  out  a  method  of  making  it  fervc  alfo  as  a 
thermometer. 

Before  I  conclude,  I  fliall  jull  mention  the  idea  which  led 

[me  to  tliis  conftruflion,  which  though  (he  greateft  increafe  of 
fcale  it  gives  is  14:1,  nay  poQibly  in  the  end  be  found  to 
anfwer  better. 

n      It  llruck  me  that  if  we  were  (o  pour  in  water  into  a  long 

■  lube  D  F,  connefled  with  the  lube  of  the  common  baromeler 
as  in  Fig.  2,  or  to  lake  oul  water  fo  as  al  any  lime  to  bring 

"  Ihe  mercury  to  Ihe  fixed  point  N,  the  altitude  of  waier  either 
poured  in  or  taken  out  would  give  u^:  a  meafure  for  the  varia- 
tions of  the  baromeler  fourteen  limes  larger  Ihan  in  ihscom- 
mon  one,  fince  water  i;  fourteen  times  lighter  ihan  mercury. 
This  is  evident  from  the  common  hydroftalical  principles,  as 
the  allitude  of  water  poared  in  is  to  be  a  counlerpoife  (o  the 
fum  of  Ihe  fall^f  mercury  in  A  B,  and  rife  in  C  D,  and  t  cim* 
tra,  the  altitude  of  waler  taken  oul  is  to  be  a  counterpoife  to 
the  fum  of  the  rife  of  mercury  in  A  B,  and  fall  in  C  D. 

If  the  lube  D  F  therefore  were  graduated,  il  would  give  a 
fcate  42  inches  long,  and  ihe  rife  of  waler  would  indicate 
diminution  in  the  weight  of  thealmofphere  ardr.  p.  thence  Ihe 
fcale  to  be  inverted.  To  fDcllilale  the  pouring  out  and  in  of 
water,  lei  (here  be  a  bucket  H  moveable  up  and  down  by 
tackwork,  or  oilierwife,  from  D  to  F;  (o  this  let  there  be  at- 
tached the  fyphon  S. 

By  railing  the  bucket  until  ihe  level  of  ihe  water  in  it  be 
higher  than  the  level  of  that  in  the  lube,  we  pour  in  water  at 
pleafure,  and  €  contra,  by  bringing  down  Ihe  bucket  we  lake 
out  water  at  pleafure. 

Tliis  infirumenl  will  have  all  the  advantages  of  a  waler  ba* 
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V. 

A  Summary  qf  the  mcfi  ufifid  Parts  (f  Hydraulics,  chiefly  «- 
traced  and  abridged  from  Eytelwein's  Handhuch  der  Mechanik 
und  der  HydrauUk.  Berlin,  1801.  -By  Thomas  Young, 
A/.  D.  F.  R.  S.  ♦ 

A  HE  theory  of  hydraulics  has  never  been  carried  to  a  very  state  of  hydru 
high  degree  of  porfedion  upon  mathematical  foundations  a^on€;!,*.^,r'**^^'A°* 
nor  has  it  hitherto,  even  with  the  affidance  of  experiment, piy'mg it coprac 
been  rendered  of  much  pra6tical  utility.     Newton  began  the'**** 
invefligation  of  the  motions  of  fluids:  Daniel  Bernoulli  added 
to  Newton's  proportions  much  valuable  matter,  both  from 
calculation  and  from  experiment;  D'Alembert  and  many  later 
authors  have  exercifed  their  analytical  talents  in  inquiries  of  a 
(imilar  nature.     But  another  and  a  more  practicable  mode  of 
attaining  hydraulic  knowledge  has  been  attempted  by  a  diAindl 
clafs  of  inve/ligators,  at  the  head  of  whom  (lands  the  Chevalier 
de  Buat.    Thefe  have  begun  from  experiment  alone,  and  have 
laboriou fly  deduced  from  very  ample  obfervations  of  the  adlual 
refults  of  various  particular  cafes,  the  general  laws  by  which 
the  plienomena  appear  to  be  regulated,  or  at  leaf!  the  formulas 
by  which  the  effefl  of  new  combinations  may  be  predi6led. 
But  it  rauft  be  confelTed  that  thefe  formulas,  however  accurate, 
are  too  intricate  to  be  retained  in  the  memory,  or  to  be  very 
eadly  applied  to  calculations  from  particular  data. 

Mr.  Eytelwein,  a  gentleman  already  known  to  the  public  Mr.  Eyteliveis*i 
by  his  tranflation  of  Buat's  work  into  Gorman,  with  important ]^j*2^*""' 
additions  of  his  own,  and  honoured  with  feveral  employ  ments 
and  titles  relative  to  the  public  architecture  of  the  PrufTian  do- 
minions, has  collected  into  this  compendium  of  mechanics  and 
hydraulics,  the  principal  fa6ls  that  have  been  afcertained,  as 
well  by  his  own  experiments,  as  by  thofe  of  former  authors, 

the  accuracy  of  adjuftment  at  M,  in  which  the  errors  areprccifely  the 
fame  as  in  the  common  barometer.  The  double  barometer  affords 
an  inftance  of  a  lighter  fluid  floating  on  a  larger  ^  but  with  a  fome- 
what  fhorter  fcale  than  that  of  fig.  2 — N. 

*  This  excellent  memoir  it  copied  from  the  Journals  of  the  Royal 
loftitutioD. 

efpecially 


efpecially  fuch  as  are  llie  raoft  capalile  of  practical  applioalion  ] 
and  he  appears  lo  have  dono  this  in  fo  judicious  amaiintr,  as  lo 
make  his  book  a  moll  valuable  abftraCl  of  every  thing  that  can 
be  deduced  from  theory  tefpcfting  natural  and  artificia)  hy- 
draulics. Thi<  elegant  cuncifenefs  defer ves  lb  much  the  more 
praJfe,  a&  his  countrymen  in  genera!  appear  too  often  to  make  a 
merit  of  proliKity;  and  we  (hall  have  occafiun  lo  remark,  Ihat 
beGdes  the  convenience  of  limplicity,  he  has  romelimes  been 
fortunate  enough  lo  unite  with  it  the  adi-aiitage  of  fuperior 
accuracy. 

The  tiffl  part  of  the  work  is  but  (liorl ;  it  relates  to  proper 
nifchaniM,  and  has  lillle  that  is  remarkably  new  or  interefting. 
In  Ireatingof  pendulums,  the  author  informs  us,  with  reference 
lo  another  work  of  his  own,  that  the  RhiiilanJor  Brandenburg 
foot  contains  139.13  French  hnes.  Hence  it  apitears  that 
100  Rhinland  fcct  are  exadly  101  Englilli ;  and  in  tliis  paper, 
tlic  meofures  will  be  reduced  accordingly. 

The  fecund  part,  relative  lo  hydraulics,  contains  beGdes  a 
Ibori  inlroduflion,  twenty-liiur  chapters,  almoH  every  one  of 
which  prefenti  to  us  fomelhiiig  of  impotlance. 

Chapter  I.  Oflhemutioiiof  water  flowing  out  of  refervoirs, 

''  and  of  the  ronlraflnin  of  the  dream. 

'•      I  89,     The  velocity  of  water  flowing  out  of  a  horizontal 
aperture,  is  as   the  fquare  root  of  the   height  of  the  head  of 

That  ii,  the  prelTure,  and  confecjuenlly  the  height,  is  ai  the 
fquareof  the  velocity;  for  the  quantity  flowing  out  in  any  fliort 
time,  is  as  iJie  velocity ;  and  the  force  reijuired  lo  produce  a 
velocity  in  a  certaiti  quantity  of  matter  in  a  given  time,  is  alfo 
at  that  velocity  ;  therefore  the  force  mu(t  be  as  the  fqaare  of 
the  velocity.  The  propofition  is  fully  confirmed  by  BolTut's 
experiments ;  the  proportional  velocities,  with  a  prelTure  of 
I,  +,  and  9  feet,  being  2722,5-136,  and  8l3J,infteadof  2722, 
SUi,  and  B[f>6;  a  very  inconCderable  difference. 

There  is  another  mode  of  confidering  this  propoGtion,  not 
menlioaed  by  Eytelwein,  which  is  a  very  good  approsimation. 
Siippoling  a  \'cry  fmall  cylindrical  plate  of  water  immediately 
over  the  orifice,  to  be  put  in  motion  aleach  inltant  by  means 
of  the  prelfurc  of  liic  whole  cylinder  (landing  on  it,  and  fup- 
pofing  all  the  gravilatio  a  o(  llie  column  to  be  employed  in  ge- 
nerating the  velocity  of  the  fmall  cylindrical  pUic,  negleding 


SUMMARY    OF    HYDRAULICS.  S27 

its  bwn  motion,  this  plate  would  be  urged  by  a  force  as  much 
greater  than  its  own  weight  as  the  column  is  higher  than  ilfelf; 
and  this,  through  a  fpacc  fhorter  in  the  fame  proportion  than 
the  height  of  the  column.  But  where  the  forces  are  inverfely 
as  the  fpaces  defcribed,  the  final  velocities  are  ecjual.  (Young's 
Syllabus,  35.)  Therefore  the  velocity  of  the  water  flowing 
out  mud  be  equal  to  that  of  a  heavy  body  falling  from  the 
height  of  the  head  of  water,  which  is  found  very  nearly  by 
multiplying  the  fquare  root  of  that  height  in  feet  by  8,  for  the 
number  of  feet  defcribed  in  a  fecond.  Thus  a  head  of  1  foot 
gives  8  ;  a  head  of  9  feet,  24-. 

The  well-known  circumftance  of  the  cont ration  of  tlieThe  cootniAte 
ftream  or  vcm  of  water  running  out  of  a  fimple  orifice  in  a  thin  **  '  *  '•'™* 
plate,  reduces  the  area  of  its  feclion  at  the  diftancc  of  about 
half  its  diameter  from  the  orifice,  from  1  to  .660  or  .666  ac« 
cording  to  BolTut,  to  .631  according  to  Venturi,  and  to  .6^  or 
44  according  to  the  author's  own  experiments:  hence  the 
diameter  U  reduced  to  ^. 

The  quantity  of  water  difcharged  is  very  nearly,  but  not  Praftical  rule  Ibr 
quite,  fufficient  to  fill  this  fedion  with  the  vefocity  due,  or  cor-]^^J^^P^  ^^^ 
rcfponding  to  the  height :    for  finding  more  accurately  the  fquare  root  of 
quantity  difcharged,  the  orifice  muil  be  fuppofed  to  be  dimi-  *^*  liejghtbf  5 
nifhed  to  .6 1 9,  or  nearly  J-.  Hence  we  may  multiply  the  fquare  city  in  x  fccood* 
root  of  the  height  by  5  inlicad  of  8,  for  this  mean  velocity  in  a 
iimple  orifice. 

If  we  apply  the  fliortcft  pipe  that  will  caufe  the  flream  to  Additional  pipe 
adhere  every  where  to  its  fides,  which  will  require  its  length  to  JjJ  ^"^  .^*5? 
be  twice  its  diameter,  the  difcharge  will  be  about  -J^  of  the  full  the  hole  requires 
quantity,  and  the  velocity  may  be  found  by  taking  6\  for  a  i i°"'^'P^'*' ^ 
multiplier. 

The  greatef^  diminution  is  produced  hy  inferting  a  pipe  fo  Difadvantige  of 

•  •  • 

as  to  proje6l  within  the  refervoir,  probably  bccaufe  of  the  greater  *"  «n«nor  pipe } 

interference  of  the  motions  of  the  particles  appmaching  its 

orifice  in  all  dirc6tions :  in  this  cafe  the  difcharge  is  reduced 

nearly  to  a  half\ 

A  conical  tube,  approaching  to  the  figure  of  the  contra^flion  conical,  &c, 

of  the  dream,  procured  a  difcharge  af  .9*2 ;  and  when  its  edges  pro**"ccda  dif- 

wcre  rounded  off,  of  .98,  calculating  on  iu  leall  feflion. 

Venturi  *  has  alTerted  that  the  difcharge  of  a  cylindrical  pipe  Venturi'i  coni* 

caltubej 
*  Vcnturi*s  treatife  it  given  entire  in  our  Journal,  4to,  Vol.  II. 

andlU. 

may 


1.^      z::.::zz..    ' 
maybe  increafed  by  (he  additiooof  a  conical  tube  nearly  In  the 
ralio  of  5  lo  2  ;  but  Mr.  Eylelwein  finds  this  anertion  fome- 
whai  loa  firong,  and  obrerves,  that  when  the  pipe  is  already 
very  long,  fcarcely  any  eifeCl  is  produced  by  ihe  addition  of 
fuch  a  lube.     He  procc'eds  lo  defcribe  3  number  of  experi- 
ments made  with  difTerent  pipes,  where  the  flandard  of  com- 
parifon  is  the  Lime  of  filling  a  given  vellelout  of  a  large  refer- 
voir,  which  was  not  kept  always  full,  asit  wasdifficulttoavoid 
agitation  in  rcplenifliing  it,  and  this  circuniAance  was  perfeftly 
„.treift»thedir-indiHt.T2nt  totherefults  oi  the  esperiment5.    They  confirm  the 
fimsk  aperture   3lerl'"n   thai  a  rompounj  conical  pipe  may  incieafe  ihe  dif- 
BrkcMidjhalf.charge  lo  twice  and  a  liall  as  much  a,*  through  a  fimple  orifirCj 
^^  or  lomore  (ban  half  as  much  mo'e  as  would  fill  the  whole  fee- 

^^L  lion  with  ihe  velocity  due  to  the  height :  but  where  a  confi- 

^H^  derabie  length  of  pipe  intervenes,  the  addilinnal  orifice  ap- 

^^^^^  pears  to  have  little  or  no  etfea. 

^^^^^^^L  The  chapter  concludes  with   a  general  table  of  Ihe  co- 

^^^^^^^P        ellicients  for  linding  the  maan  velocity  of  the  water  difcharged 
^^^^^^^P       by  IheprelTureofa  given  head  under  different  ci re um fiances. 
Matt^pden  fbr       For  the  whole  velocity  due  to  the  height,  the  coefScienI,  by 
Jctntniningtlic  ^^hich  Itsfquare  root  h  lo  be  multiplied,  is  S.0158. 
iretoei()r  under  '  ' 

different dr>         Foranotinceof  llie  form  of  the  coiilraaed  Itream,  7.3. 

IVtmAutut.  for  vnide  openingSj  of  which  the  bottom  is  on  a  level  with 

thai  of  Ihe  refervojr;  for  Quices  with  walls  in  a  hne  with  llie 
orifice;  for  bridges  with  pointed  piers,  7.7. 
For  narrow  openings,  of  which  the  bottom  is  on  a  level 
wilh  that  of  the  refcrvoir,  for  fmaller  openings  in  a  (luice  with 
fide  walls,  for  abrupt  projefljons  and  fquare  piers  of  bridges. 


For  (hort  pipes  from  two  lo  four  limes  as  long  as  their  dia- 
meter, fi,6. 

For  openings  in  (luices  without  lide  walls,  5. 1 . 
For  orifices  in  a  ihin  plate,  5. 

Chapter  2,     Of  the  difcharge  of  waif  r  by  horizontal  and  by 
fmall  lateral  orifices,  in  a  veifel  continuing  full. 
Pmiculu  aln-     The  principles  detailed  in  ihe  firft  chapter  are  here  applied 

lo  particular  cafes. 
DIfchargE  Chapter  3.     Of  the  difcharge  by  reflanguiar  oiifices  in  the 

^'^fi  '  """'^  ^*^^  ^^'^  refetvoir,  extending  to  the  futface. 

The  velocity  varying  nearly  a^  the  fquare  root  of  Ihe  height, 

may  here  be  reprefented  by  the  ordinatesof  aparahola,  and  Ihe 

i  quantity 
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quantity  of  water  difcharged  by  the  area  of  the  parabola,  or 
two  thirds  of  that  of  the  circumfcribing  redangle.     So  that  the  ^  neiriy  tw©- 
quantity  of  water  difcharged  may  be  found  by  taking  two*  |^|  ^^^  ^  ^ 
thirds  of  the  velocity  dr.e  to  the  mean  height,  and  allowing  for  mean  hdfht. 
the  contradion  accor^irg  to  the  form  of  the  opening,  as  ex- 
plained in  the  firfl  chapter. 

The  author  has  found  this  mode  of  calculation  fufficiently 
near  to  thn  refults  of  Buat's  experiments,  and  to  fome  accurate 
obfervatioRs  of  his  own. 

He  propofes  for  example  a  lake  in  which  a  redangular  Particular  «smi- 
opening  is  made  without  any  oblique  lateral  walls,  3  feet  wide,  P""^^^* 
and  extending  2  feet  below  the  furface  of  the  water.  Here 
the  coefficient  of  the  velocity,  corrected  for  contraAion,  is  5.1, 
and  the  corrected  mean  velocity  I*  ^2x3.1  =4.8  ;  therefore 
the  area  being  6,  the  difcharge  of  water  in  a  fecond  is  28.8 
cubic  feet,  or  nearly  four  hogsheads. 

The  fame  coefficient  ferves  for  determining  die  diicharge 
over  a  were  of  confiderable  breadth ;  and  hence  it  is  eaiy  to 
deduce  the  depth  or  breadth  requifite  for  the  difcharge  of  a 
given  quantity  of  water.  For  example,  a  lake  has  a  were  3 
feet  in  breadth,  and  the  furface  of  the  water  (lands  at  the 
height  of  5  feet  above  it :  it  is  required  how  much  the  were 
muft  be  widened  in  order  that  the  water  may  be  a  foot  lower. 
Here  the  velocity  is  y  ^5x5.1,  and  the  quantity  of  water 
J  i^3x 3. 1x3x5;    but  the  velocity  muft   be  reduced   to 

jy^4x5.1,  and  then  the  fcdlion  will  be^^    .  '    .    = 

^^3  X  3  X  5 

.         =7.5.^3;  and  the  height  being  4,  the  breadth 

«,_    7.3 
mufl  be  —^3=4.19  feet. 

Chapter  4.     Of  the  difcharge  from  refervoirs  with  lateral  Bj  lateral  ori- 
orifices  of  confiderable  magnitude,  with  aconflanthead  of  water.  ^^oM^taSl 

This  may  be  found  by  determining  the  difference  in  the  dif- 
charge by  two  open  orifices  of  different  heights :  but  in  mofl 
cafes  the  problem  may  be  folved  with  nearly  equal  accuracy,  the  velocity  d«e 
by  confidering  the  velocity  due  to  the  diflance  of  the  centre  of^  the  center  of 
gravity  of  the  orifice  below  the  furface.  orjficeiwiy  be 

Chapter  5.     Of  the  difcharge  from  refervoirs  receiving  no  taken, 
(iipply  of  water. 

For 


r 
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For  prirmaticveni-U,«IUhe  particulars  ofthedifrJiarge  rr 
be  calculated  from  llie  general  law  ihat  twice  &■;  much  woulil 
be  (liTcharged  from  ihc  Tanie  orifice  i<'  the  ve[Tcl  were  kept  I'liU 
during  tlie  time  which  is  required  for  its  empfying  ilfelf. 
(Young".  Syllabus,  Qi3).  Where  the  form  i(  lef?  iimple,  ihe 
caicalations  become  intricate,  and  arc  [if  lillle  Importaiue. 

Ciittpler  6.  Of  ihe  difcharge  from  compound  or  divided 
refcrvoir*. 

The  author  obfervcs  from  Biial,  Ihat  ibe  difcharge  through 
an  orifice  between  Iwo  refervoirs,  below  the  furfaee,  i":  the 
fame  as  if  the  water  ran  into  the  open  air.  Hence  he  calcu- 
lates Ihe  difcharge  when  the  water  has  to  pafs  through  fevcral 
orifices  in  the  fidci  of  a*  many  referi'oirs  open  above.  In  fuch 
cafes,  where  the  orifices  are  fmall,  the  velocity  in  each  may  be 
confidered  as  generated  by  the  dilference  of  the  heights  in  the 
two  contiguous  refervoir*,  and  Ihe  fquare  root  of  the  diflercnco 
will  therefore  rq>rcfent  the  veloci;y;  which  muft  be  in  Ihe 
fcveral  orilicex,  inverfely  as  their  refpeflive  areas ;  fo  that  we 
may  calculate  from  hence  the  heights  in  the  ditfercnt  rcfervoirs 
when  the  orifices  are  given.  Mr;  Eylelwein  then  confiders  the 
cafe  of  a  lock  which  is  filled  from  a  canal  of  an  invariable 
height,  and  determines  the  lime  required,  by  comparing  it 
with  that  of  a  vetfi-l  emptying  itfclf  by  the  prctfure  of  tlie 
water  that  it  conlains,  obferving  thai  Ihe  molinn  is  retarded  in 
bolhcafeiina  fimilar  manner;  and  he  finds  the  calculation 
agree  fuiliciently  well  with  expctiments  made  on  a  large  fcale. 
The  motion  of  water  through  diflerent  compartments  of  a  doled 
cavity  is  alfo  determined. 

Chapter  7.  Of  the  motion  of  water  in  rivers. 
'^-  'Vhe  Iimple  theorem  by  which  the  velocity  of  a  river  is  de- 
termined, appcar>i  to  be  ihe  moil  valuable  of  M.  Eyiclwehi's 
improve Lnenls ;  although  ihe  reafoning  from  which  it  is  deduced 
is  fomewhat  exceptionable.  The  friftioJi  ts  nearly  as  the  fquare 
of  the  velocity  ;  not  becaufe  a  number  of  particles  proportional 
to  the  vekx:i(y  are  torn  afunder  in  a  time  pro]Kirlioiially  Qiort, 
for  according  to  the  analogy  of  folid  bodies,  no  move  force  is 
deftroyed  by  fri^ion  when  the  motion  is  rapid  than  when  How, 
but  becaufe  wlien  a  body  is  moving  in  lines  ofa  given  cur/a- 
ture,  the  (ieflcfUng  force*  are  as  the  rqiiares  of  tlie  velocities 
(Young's  Sylbhus,  iO,  35,  *6),  and  Ihe  particles  of  water  in 
contad 
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OOBtaft  with  the  (ides  and  bottom  mail  be  deflcded,  in  confe- 
qaence  of  the  minute  irregularities  of  the  furfaces  on  which 
they  Aide,  nearly  into  the  fame  curvilinear  path«  whatever  their 
velocity  may  be. 

At  any  rate  we  may  fafely  fet  out  with  the  hypothefis,  tliat  Elementary  pofi. 
the  principal  part  of  the  fridion  is  as  the  fquare  of  the  velocity,  «ion^  »n«i  mduc 
And  the  fridion  is  nearly  the  fame  at  all  depths :  for  Profeflbr 
Robifon  found  that  the  time  of  the  ofclllation  of  the  fluid  in  a 
bent  tube  was  not  iucreafed  by  increafmg  the  prefTure  againfl 
the  fides,  being  nearly  the  fame  when  the  principal  part  of  the 
tube  was  fituated  horizontally  as  when  vertically.  The  fric- 
tion will  however  vary  according  to  the  furface  of  the  fluid 
which  is  in  conta6l  with  the  folid,  in  proportion  to  the  whole 
quantity  of  fluid  :  that  is,  the  fridtion  for  any  given  quantity  of 
water  will  be  as  the  furface  of  the  bottom  and  (ides  of  a  river 
diredly,  and  as  the  whole  quantity  of  water  in  the  river  in- 
verfely :  or  fuppofing  the  whole  quantity  of  water  to  be  fpread 
on  a  horizontal  furface,  equal  to  the  bottom  and  fides,  the 
friction  is  inverfely  as  the  height  at  which  the  river  would  then 
ftand,  which  is  called  the  hydraulic  mean  depth. 

Now  when  a  river  flows  with  an  uniform  motion,  and  is 
neither  accelerated  nor  retarded  by  the  adion  of  gravitation,  it 
is  obvious  tliat  the  whole  weight  of  the  water  mud  be  employ- 
ed in  overcoming  this  fridion ;  and  if  the  inclination  vary,  the 
relative  weight  or  the  force  that  urges  the  particles  along  the 
inclined  plane,  will  vary  as  the  height  of  the  plane  when  the 
length  is  given,  or  as  the  fall  in  a  given  diflance  (Young's  Syl- 
labus, 54) ;  confcquently  the  fridion,  which  is  equal  to  the 
relative  weight,  mufl  vary  as  the  fall,  and  the  velocity  which  is 
as  the  fquare  root  of  the  friction,  mufl  be  as  the  fquare  root  of 
the  fall;  and  fuppofing  the  hydraulic  mean  depth  to  be  in- 
creafed  or  diminiflied,  the  inclination  remaining  the  fame,  the 
fridion  would  be  diminiflied  or  increafed  in  the  fame  ratio;  and 
therefore  in  order  to  preferve  its  equality  with  the  relative 
weight,  it  mud  be  proportionally  increafed  or  diminiflied  by 
increafing  the  fquare  of  the  velocity  in  the  ratio  of  the  hydrau* 
lic  mean  depth,  or  the  velocity  in  the  ratio  of  its  fquare  root. 
We  may  therefore  exped  that  the  velocities  will  be  conjointly  The  velocities 
as  the  fquare  root  of  the  hydraulic  mean  depth  and  of  the  fall  ^'*'  **  ?*  *  "J*^ 

*  ^  proportional  bc- 

in  a  given  diflance,  or  as  a  mean  proportional  between  thefe  cween  the  hy- 

two  lines.    Taking  two  £n?lifli  miles  for  a  given  leneth,  we  <5«"J>c  mean 

**  •  n  **^Pth  and  the 

mud  fall . 
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mnd  find  a  mean  proporlional  between  the  hydraulic  roexa 

depth  and  ihe  Tall  in  two  milei,  and  inquire  what  relation  liiii 

bears  lo  die  velocity  in  a  particular  cafe,  and  thence  we  may 

xiothinT   expefl   to   determine    it   in  any  other.      According  lo  Mr. 

■   Ac  'Mk^H  f'  Eytelwein's  Ibrmula,   this  mean  proportional  is  4;  ol  the  velo- 

city  in  a  TeconU. 

>r      In  order  to  examine  llie  accuracy  of  this  rule,  we  may  lake 

an  example   which   could   not  have  been    known  lo    Mr. 

Eytelwein.     Mr,  Watt  obferved,  as  Profi/fl'or  Robifun  informn 

us  in  tlie  article  River  of  the  Encyclopaidia  Briiannica,  that  in  a 

canal  1 8  feel  wide  above,  and  7  below,  and  4-  feel  deep,  having 

a  fall  of  4  inches  in  a  mile,  the  velocity  was  17  inches  in  a  fe- 

cond  at  the  furface,  1 4 in  ihe  middle,  and  lOat  the  botlom:  fo 

that  the  mean  velocity  may  be  called  1 4  inches,  or  fomewhat 

lefn,  in  a  fecond.      Now  to  lind  ihe  hydraulic  mean  depth,  we 

mull  divide  (he  area  of  the  feaion,  2.  [ia+7)=50  by  the 

bfcadlh  oflhe  bottom  and  length  of  the  Hoping  CJes  added  toge- 

sn 

r  29.13  inches;  and  Ihe  fall  in 


ther,  whence  we  have  ^^ 
two  miles  being  3  inches,  « 
the  mean  proporlional,  of  v 
wilhMr.  Wall's  obfervatioL 
from  Buat's  elaborate  ihcore 


e  have  v'(8x29.13)  =  !5.26  for 
'hich  -}4  is  1 3.9  ;  agreeing  exaAly 
I.  FrolelTor  Robifon  has  deduced 
ms  12.569  inciies  for  the  velocity. 
which  is  conliderably  lefs  accurate. 

For  anotlier  example  we  may  take  the  Po,  which  falls  1  foot 
in  two  miles,  where  ils  mean  depth  is  29  feel;  and  ils  velocity 
is  obferved  to  be  about  5b  inches  in  a  fccond.  Our  rule  gives 
S8,  which  is  perhaps  ai  near  as  the  degree  of  accuracy  of 
the  data  will  allow. 

On  the  whole,  we  have  ample  reafon  to  be  fatisfied  with 
the  unexpeded  coincidence  of  fu  ftmple  a  theorem  with  obfer~ 
valion :  and  in  order  to  find  [he  velocity  of  a  river  from  its 
fall,  or  the  fall  from  its  velocity,  we  have  only  to  recoUeQ  that 
the  velocity  In  a  fecond  is  -{4  of  a  mean  proportional  between 
the  hydraulic  mean  depth  and  the  lall  in  two  Englirti  miles. 
This  ii  howei'er  only  true  of  a  llraight  river  (lowing  througli 
'   an  eqiiablechannel. 

For  the  (lfi]>e  of  ihe  banks  of  a  river  or  caiial,  Mr.  Eyielwein 
recommends  that  ihe  breadth  at  ihe  b-jllom  fliould  be  J  of  the 
depth,  and  at  the  furface  y  :  the  banks  will  ihen  be  in  gene* 
ral  capable  of  retaining  (heir  form.     The  area  ol  fuchafcdion 


ia  de|>tli  ^^^H 
;irge  a  ^^^H 
'  appears         ^^^| 


>1  twiCe  tlie  fquare  of  the  deplli,  iinil  Ihc  h)'draulic  mean  d 
-f  orthcaanal  dtplli.     He  then  hivcftlgales  (lie  iliichargeo 
canal  of  which  llie  bollom  is  liorinonlal.     The  velocily  appears 
in  ihis  cafe  to  be  fomewhat  greater  than  in  a  fimiiar  caoal,  of 
which  the'bottom  is  parallel  lu  the  furlace. 

Tiie  author  remarks  that  Uie  velocity  U  greater  near  the  con-  Vebeltitt  » 
cave  than  the  convex  fide  of  a  flexure:  acifcumlhince  probably  ^^^^^ 
occalioiied  by  the  ceiitrirugal  liirce  accumulating  the  water  on 
ibat  lidc.  No  general  rule  can  be  given  for  the  decreafe  of 
llie  velocity  in  going  downwards ;  but  fometimes  the  maximum 
appears  to  be  a  little  below  the  furlace.  In  ihe  Arno  the  velo-  "'  i'Tewnt 
cities  are  at  2  feet  below  the  furface,  39}  inches ;  at  *,  3S-} ;  ^'^'^'' 
alS,  37;  at  16,  33|;  at  17,  31.  In  the  Rhine  at  1  fool,  58 
incliesj  at  5,  5<i;  at  10.  32  j  at  [^,  43.  As  an  approxima- 
tion to  the  mean  velocity,  the  author  direct  us  to  dcdufl  from 
the  (uperlicial  velocity  ^rs  f*""  every  foot  of  ihe  whole  depth. 
yor  infl&nce ;  if  tl>e  depth  were  1 3  feel,  and  the  fupcrGcial  ve- 
locity j  feet,  to  take  4^  as  tiie  average  velocity  of  the  wholi: 
rivfr.  This  can  however  only  be  true  in  large  rivers:  for  m 
the  canal,  meafured  by  Mr.  Wall,  the  fuperticial  velocity  muH 
be  diminifhed  nearly  j  lor  a  depth  of  only  4  li.'i;I.  And  we  may 
in  general  come  quite  as  near  to  Jie  mean  velocity  by  taking 
^  of  the  fuperlicial  velocity  ;  although  this  may  ilill  differ  ma^ 
tcitally  from  ihc  true  medium.  But  comparing  this  with  the 
former  theorem  for  the  velocit)',  ^vhich  gives  a  refiilt  oflcner 
above  than  below  the  truth,  we  may  bring  them  bodi  into  a 
form  eafily  recollefled.  thus; 

The  fuperficial  velocity  of  a  river  is  nearly  a  mean  propor*  Cootikitiw' 
tional  between  the  hydraulic  mean  depth  and  the  fall  in  two  d^"|?f  jj^l!'" 
jDiIes ;  and  the  mean  velocity  of  the  whole  water  h,  ftill  more  depth, 
nearly,  nine-tenths  of  litis  mean  praporlional. 

We  may  find  a  double  confirmation  of  thcfe  principles  in 
Major  R en nel's  account  of  the  Gajiges  (Pliil.  Tranl.  1731, 
p.  87). 

He  informs  us  liiat  "  at  500  miles  from  the  fea,  iJie  channel  Inftmce  id  tlw 
it  30  feet  deep  when  the  river  is  at  its  loweft  ;  and  it  cOnli- *''"**** 
nues  at   luafl  this  depth   to   the  fea,"  that  "  a  feAJon  of  die 
ground,  parallel  lo  one  of  its  branches,  in  length  60  miles,  was  | 

taken  by  order  of  Mr.  Haflingsi"  that  "  the  windings  of  the 
river  were  fo  great  as  to  reduce  the  declivity  on  which  the 
water  ran,  to  lefs  than  4  inches  per  mile  j"  that  "  tiic  medium 
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SUMMARY    OF    HYDRAULICS. 

rate  of  motion  of  Uie  Ganges  is  lefs  than  three  miles  an  hour  in 
lliedrj'  months;"  (hal  is.  Us  fuperljcia!  velocity.  Now  allow- 
ing a  lillle  for  the  banks  or  (helving  lilies,  we  may  takecxaSly 
SO  feel  as  the  hydraulic  mean  depth  ;  then  if  the  fall  in  tno 
railcs  were  prcdCely  f ,  we  fiiould  have  J  X  30=20 ;  and  y/SO 
=4,47  for  tlie  velocity  in  a  fecond,  or  3.03  miles  in  the  hour : 
which  is  a  little  greater  than  t!)e  obferved  velocity,  becaufe  the 
fall  was  alTumed  fomewhat  too  great. 

Again  (p.  1 10),  "the  river  when  liill,  has  ihrice  the  volume 
of  waltr  in  it,  and  its  motion  is  alfu accelerated  in  the  propoF' 
tion  of  5  to  3.  We  may  alfume,  that  the  hydraulic  mean  depth 
is  doubled  at  the  time  of  the  inundation,  whence  (he  velocity 
will  be  increafed  In  the  ratio  of  7  to  5  :  hut  the  inclination  of 
the  furtkce  is  probably  lumcwhat  increaled  at  tlie  fame  time, 
which  may  eafily  be  fuppofed  to  incrcafe  the  velocity  rtill  fur- 
ther, from  1.+  to  1.7. 
ThetBiaiof  Chapter  8.  Of  the  difcbarge  and  the  fwell  in  the  cafe  of 
Mf."  j'fl'inl  in"  wtTcs,  foils,  and  contraftions,  in  rivers  and  canals. 

The  methods  employed  in  the  third  chapter  require  here 
fome  modihcalion,  fince  the  water  arrives  at  thii  place  of  dc- 
fcent  with  a  confiderable  velocity  ;  and  it  is  evident  from  me- 
dianicAJ,  as  well  as  from  hydraulic  conCderations,  that  the 
ultimate  velocity  will  e\ceed  that  which  is  due  to  the  depth  of 
the  riream  at  the  place  ui'  its  defceni,  and  lliat  it  will  corre- 
fpond  to  a  height  cquul  l»  tlie  I'um  of  the  hr^ighls  capable  of 
producing  thele  velocities.  Hence  we  may  calculate  the  effefl 
of  a  bar  in  elevating  ihe  furface  of  a  river  ;  how  broad  a  were 
mud  be,  in  order  to  produce  a  certain  elevation,  and  liow  much 
water  will  run  over  a  given  were  according  to  collateral  cir- 
ciimfiances.  When  a  bar  is  below  the  level  ollhe  lower  water, 
we  mud  confider  the  ditierence  of  the  two  levels  as  conftitut- 
ing  the  fall ;  the  whole  of  the  dream  below  the  level  of  the 
lower  water  deriving  its  additional  velocity  from  this  difference 

The  extent  of  (he  fwell  produced  by  a  given  elc\'alion  of 
the  furface  of  a  river  in  confe([UPnce  of  iheeflefl  of  a  were  or 
bar,  may  be  determined  by  calculating  from  the  rules  for  find- 
ing the  velocity  uf  riverSj  the  inclination  necedary  for  pro- 
ducing a  given  difcharge ;  the  depth  being  greater,  the  inclina- 
tion iinmeJiately  above  the  bar  will  be  lefi,  but  the  etfefl  of 
^Mlwtfllcleetnet  terminate  at  the  point  where  the  new  furlace, 
•  ■IS*"*  if 


ifflrsight,  would  have  met  the  orig'inal  furFace ;  for  on  account 
of  the  rounding  oH'of  ihis  angle,  it  extendi  nearly  twice  as  Tar. 
The  eft'eS  of  reducing  the  breii'Jth  of  a  river  may  l>e  determin- 
ed in  a  manner  nearly  fimilar.  The  author  remarks,  tliat  a 
conliderable  diminution  of  breadth  producer  but  a  fmall  eleva- 
tion, a  refuk  whicli  appears  to  be  conronnablc  to  experience; 
but  that  where  depth  is  ret^uired  for  navigation,  it  may  often 
be  obtained  by  a  projedionbuilt  out  from  thL-  bank,  whiih  may 
be  fufficient  to  icicreafe  the  river's  velocity,  and  to  caufe  il  to 
excavate  iti  bed. 

(To  be  concluded.} 


Experimentai  PrtXjf,   that   Corredioru  dtduced  from   the  Arcs  iff 
Vibration  qfa  Ptndutum  irt  VtKuu,  are  praiticatly  vfrful.     By 

.^.  EZEKIKLWALKta. 

To  Mr.  NICHOLSON. 

S  I  R,  lynn,  Aug.  20,  1802. 

1  OQR  anaolalion  on  my  iail  paper  *  convinces  me,  that  I  Intredoaion. 
ought  fo  liave  given  you  my  reafons,  derived  either  from  theory 
or  experience,  for  troubling  you  on  the  fubjefi  which  il  con- 
tains. 

Though  theory  may  be  too  uncertain  a  guide  to  be  depend-  Argumcti'i 
•d  on,  in  a  matter  fo  complicated  a?  the  \'ibration  of  a  pendu-  ^'^l  Srof  rT 
lum  in  a  variable  refilling  medium,  yet  I  think  that  fome  philo-  piling  ibetbwo 
fophical  argumenls  might  beadi-anced  in  its  favour;  but  thefe"^  prnduluini  t» 
i  flialt  not  at  ptcfent  enter  into,  as  I  mean  to  confine  myfelf  to  ' 

mere  matters  of  experience. 

The  clock  which  I  ufed  formerly  was  made  by  the  late  Mr.  but  it  prcrcnt 
John  Arnold,  in  his  belt  manner.  It  had  a  dead  beat,  with  a  g^"^'^^™ 
compoun.l  pendulum  that  vibrated  in  the  arc  ofa  c  rcle.  This  eipuiawaCM 
pendulum  liequently  varied  in  its  arc;  and  as  the  ftiort  vibra-  ''*- 
tioni  were  performed  in  lefs  time  than  the  long  ones,  I  was  led 
to  fuppofe  that  it  might  be  governed  by  the  fame  law ,  which 


^ 


ss 


APPABATVS    roR    DRI' 


ipPEh    VOLT* 

ibmtjng  in  a  non-relitlJng  medium  bj 


C'aek  at  Ar-     obtains  in  a  pendulum 

S"id ItJtMd"    'l^'^reof  gravilj' :  and,  onmaking  ufe  ofcfirreftions  dedLiced 

emjuLind  pen-   from  ihat  principle,  I  lound  Ihem  agree  fo  well  with  the  going 

dulum,  founH      ^|-  ^j^  flock,  as  left  me  no  ii-alijn  lo  doubt  of  the  truth  of  m; 

infiiuiiitiheorj-Cnjeaiire,  The  (able  which  I  fent  joii  was  therefore  con- 
flanlly  ufed  to  correfl  the  clock's  rale,  when  any  alteration 
wasobferwed  in  the  arc  of  vibration;  but  the  rate  itfelf  was 
al'ccrtained  by  Iranfits  of  the  fun  and  fixed  flars  over  the  meri- 
dian. 

Bb  thought  How  far  this  table  ruay  be  applicable  to  otherclocks  I  know 

""'   not,  as  Ihit  is  the  only  inllance  in  which  I  have  hod  any  expe- 

iifpliciblein    rience.      It  is  evident,  however,   Uiat   this  theory   cannot  be 

■'  cf  com- ufed  to  advantage  where  a  pendulum  is  acled  upon  either  bj- 

cycioidal  checks,  a  faddle-piece,  or  pallats  of  a  particular  con- 


,  SIR, 

With  much  t 


.■fpefl, 

humble  fervant, 
E.  WALKER. 


^ 


Mr.PhUHpi-. 
'URchod  ot'tlrlv- 
ing  eopper  bolti, 


DtJiTipU/m  (fan  Apparalui  iff  Tuba  for /ucilitating  to  drhmg  of 
Copper  BMU  into  Skip).    Py  Mr.  Rickakp  pHii.i.iPS*. 

Mr.  RICHARD  PHILLIPS,  of  Brifiol.  in  feveral  IcHlt!. 

I  10  the  Society,  ftates,  that  he  had  invented  a  method  of 
.■iiLg  copper  bolls  into  (hips,  withonl  fplitling  the  heads  or 
bending  iheni ;  and  that  by  means  of  lubcsi  conlrived  by  him 
for  the  purpofe,  this  could  be  effefled  without  difficulty,  and 
liid  been  fatisfaclorily  c\ecut.ed  in  the  prefence  of  feveral  of 
iIk'  principal  (hip-builders  of  Brillol. 

A  certificate  accompanitd  thefc  letters,  from  Mr.  William 
James,  and  Mr.  Samuel  HaO,  fljip-builders,  and  alfo  Iroin 
Mr.  George  Winter,  of  Briftot,  teflifymg  that  they  bad  tried 

*  From  ths  Tranfafltons   of  the  Society  for  the  Encoursgeinent 
of  Arts,  &c.  for   IDUI.     The  Society  adjudged  a  reward  of  forty 
Models  ore  in  their  repofitory. 


*rrAKArvt  tra^  orivjnc  corrsK  bolts  i>to  tKiP9.  $J 

the  experiiDCTl  of  driving  copper  boll?  tiiroiigh  the  jointed  Eviitrwe  of  in 
t)'linder  invcnied  by  Mr,  Phillips ;  and  that  they  In  fur  approve  "'■  ''* 
01  it,  that  Itic-y  menn  lo  adopt  the  general  u(e  of  them,  for 
timing  bolls  ill  all  difeflions,  particularly  on  llie  oullidc  of 
(bipi,  whether  iron  ur  cupper ;  at  this  uiciliod  not  only  pre- 
veali  (be  bolu  trom  bviidiiig,  but  keeps  ihe  lieadx  from  fpliC- 
ling,  and  enables  tiie  boJLs  to  be  driven  mlicli  ligbtcr,  tlian  by 
any  oilier  meant  vvitb  wiiicii  they  were  acquainted.  They  fur- 
ther add,  that  by  I  be  application  of  Mr.  Piiillrp^i'j  cylinder  ■[»! 
piincli,  a  copper  bolt  which  had  been  crippled  at  tiie  edge  of 
the  hole,  and  which  coutd  nut  be  Raricd  by  a  mall,  nenl  up 
vriUi  esfe  in  a  pcf  pendicular  direction  in  the  dat  of  a  lliip'i  but- 
ton], not  four  feel  from  the  ground. 

Thi»  certilicBie  tvat  wilndfed  by  Mr.  William  Hotden. 

The  fame  fafts  are  alfo  certified  by  Mr.  Thoraa*  Walker, 
and  Mr.  Jamet  M.  Hillhoufe,  ofBcillol,  who  add  I  heir  opinion, 
that  the  adoption  of  this  invention  in  the  different  doct-y at ds 
of  the  kingdom,  will  prove  very  advantageous. 

Since  Mr.  Phillipi^'a  firft  application  lo  the  Society  for  a  pre. 
mium,  he  has  nude  a  confiderable  improvement  in  the  con- 
Ifruftion  of  his  lubes.  The  defcription  and  engraving  hereun- 
to annexed  are  of  the  improved  kind:  roodekof  bolh  are,  how- 
ever, preliirved  in  liie  Society's  repo&tory,  fur  public  infpec- 

The  infirumcnt  employed  for  driving  the  bollt,  conlids  of  a  Dcfcrtrdta. 
boltow  lube  furmed  from  feparale  pieces  oi  caft  iron,  which 
are  placed  upon  ihe  heads  oi  each  other,  and  drmly  held  thereto 
by  iron  circlet  or  tings  over  the  joints  of  ilie  tubes.  The  lowefl 
lingis  pointed,  to  keep  the  lube  Heady  upon  the  wood.  The 
bolt  being  entered  into  the  end  of  Ihe  hole  bored  in  the  wood 
of  the  lliip,  and  completely  covered  by  the  iron  lube,  i)  driven 
forward  within  the  cylinder  by  an  iron  or  Heel  punch,  placed 
againll  the  head  of  the  bull,  which  punch  is  llruck  by  a  mall  j 
and  as  Ihe  bolt  goes  further  into  the  wood,  pai  ts  of  the  lubes 
are  unfcrewed  and  taken  ulf,  till  the  boll  is  driven  home  idId 
its  place  up  to  the  head. 

The  tubei  are  about  five  inches  in  circumference,  and  will 
adroit  a  bolt  ofl'even-eigbthsof  an  indi  in  diameter. 


APfAKATUS    TOK    SKIVtMS   COFPBX    BOLTS    I«TD   &B1FS. 

R^ereate  to  iht  Engraving  oj  Mr.  R.  PMUtpt't  Method  t>f 
driving  Bolu  into  Shipi.     Plate  UI.  Fig.  3,  t,  i,  fi. 

f^^.  3. 
■    A.  The  copper  boll,  with  one  «nd  entered  into  the  wood, 
previous  (o  fixing  llie  lube. 

B.  A  piece  of  timber,  or  (hip's  fide,  inio  which  the  boll  is 
intended  lo  be  driven. 

Fig.     4r. 

CCCC.  The  parts  of  the  iron  tube  fafiened  logelhef,  ready 
to  be  put  on  the  bolt  A. 

DDDDD.  Iron  or  brafa,  rings  with  thumb-fcrews,  placed 
over  the  joints  of  the  lube,  to  hold  them  firm  together. 

EEEEE.  Thelhumb-rcrews,  which  keep  the  rings  and  tubes 
firm  in  iheir  proper  places. 

F.  Two  points  formed  on  Ihe  lower  ring  :  ihey  are  to  ilick 
Into  (he  timber,  and  lo  enable  the  lube  lo  be  held  Rrm  in  its 
place. 

Fig.  5. 

Show^  the  reparation  of  ihe  parts  of  the  tube,  which  is 
effeded  by  flackenmg  the  thumb-fcrews  and  rings. 

To  put  them  logether,  you  tlide  the  rings  over  the  jointi, 
placed  as  dofe  as  polllble  j  then,  by  lightening  the  Ihumb- 
fcrews,  you  will  have  ihem  firm  together,  and  may  continue 
the  tubes  lo  sj\y  length,  from  one  fool  to  whatever  number  is 
required. 

fig-  6. 
GH.  Two  (ieel  punches  or  drifts,  lo  be  placed  on  the  head 
of  the  copper  boh  within  the  tube,  whilft  driving.  The  blow 
given  upon  Ihe  punch  drives  forward  the  boll.  The  Ihorlell 
of  them  Ihould  be  ufed  fkH,  and,  when  driven  nearly  to  ils 
head,  (hould  be  taken  out  af  the  tube,  and  the  longer  punch 
applied  in  ils  p!ac{-. 


VIII.  Reply 


t»N    THE  THEORY    Of    COMPOUND    tOUHDt.  ^^^H 

■ 

Reptji  to  Dr.  Youkg'*  Letter  on  the  Tlitory  of  Compound  SmutiU.  ; 

In  a  Letter  Jrom  Mr,  Jo  h  N  Go  u  c  B .  t 


To  Mr.  NICHOLSON. 


S  I  R, 


X  OU  have  publifticd  Dr.  Young's  anfwer  to  my  reinaiks  nn  On  tt«  y 
Ihe  theory  of  compound  founds;  and  1  doubt  not  but  jou  will, 'P''!' "'^ 
wilh  equal  im partial ily,  find  a  place  for  the  rollowing  reply  \\\ 
your  Journal.  When  a  coutroverfy  is  tondufled  vvjili  good 
humour,  it  afTotdi  ainuftimeiit;  and  when  it  rumtliies  I'reHi 
&dt,  or  placiis  the  fubjeft  of  difpule  in  ^  nuv,  point  ol'  view,  it 
prove)  indru^ive.  Dr.  Voung's  aiilwer  pulU'lTes  both  lltek 
(jualities  (  and  it  ii  my  duty  to  imitate  him,  at  Icall  in  the  ub> 
lierrance  of  the  former.  Having  now  completed  wh&t  may  be 
called  Ihe  introduction  of  the  prcfent  letter,  1  will,  wilh  th« 
permitlion  of  Mr.  Nicholfon.  make  ii  few  remarkt  upon  the 
(principal  objeflions  contained  in  the  anfwer  under  confidera- 
tion.  The  Doflor  obferves,  iliat  my  theory  of  vibration-  in  an  EipTufl 
elaftic  fluid  differs  a;  widely  from  Dr.  Smith's  hypoUiefis  at"'  ' 
from  hia  own  coi^ceptions  relating  to  the  fame  operations :  but 
he  will  probably  recollect,  that  I  profefs  to  maintain  coni]>uuiid 
(bunds  to  be  mixture;  of  elem'^nlary  founds,  not  aggregates  by 
coalefcence ;  in  other  words,  I  undertake  to  del'end  Dr.  Smith's 
propofition,  as  a  fundamental  maxim  both  of  harmonic)  and  the 
general  philofophy  of  founds.  When  the  quejlioii  is  thut  pro- 
perly flated,  Ihe  engagement  I  undertake  to  perform  ciionot.  ill 
any  fenfe  oblige  me  to  fiipport  the  collateral  argument*,  with 
which  Dr.  Smith  thought  proper  to  elucidate  hit  prupofition, 
perhaps  unfortunately.  For  if  llie  pofitive  maxim,  xii.  lhatTh«tcompBo« 
compound  founds  are  miilure^,  be  eflablillied,  the  defign  of  [°""^' """'■ 
my  elTay  is  accompliHied  :  and  a;  Dr.  Young  doui  not  contro- 
vert the  leading  cenclulions  of  this  paper,  1  may  lairly  fuppiofe  ' 
he  admits  them,  but  am  at  a  loU  to  underlland  in  wliat  manner  ' 
(bey  favour  his  tide  of  the  quellion;  for  if  my  iiifeiences  be 
juft,  compound  founds  are  not  formed  by  coalefcence,  whidi  i"i  not  fixmrt 
a  Ibe  point  io  debate.  I  do  not  pretend  to  fay  pretifely  what ''''  "»'*'"'"«' 
woald  be  llic  confeqticnce  of  condu^g  a  number  of  founds 
through 
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■  through  a  narrow  tube,  becaufe  I  do  not  recolkfl  a  circumflance 

P  of  the  kind ;  nor  do  I  think  m^felf  bound  lo  delerniint  ihe 

«ffea,  bt-caufe  an  inftance,  which  is  fo  particular,  can  have  no 
Pifttefpefting   weight  in  a  dif^ute  concerning  a  general  principle.     I  am  ac- 
±st<janii  lie     quainted,  however,  with  one  circumflance  which  deferves  at- 
dnoiioco-     tention  atprefcnt:  the  notes  of  two  or  mote  bells  are  not 
***  obliged  to  coalefce  by  paflirg  through  the  narrow  found-holes 

of  Ihe  fleople  of  a  touniry  church;  and  if  Dr.  Young  will  fup- 
pofe  the  point  A.  in  the  demonflialion  of  m_v  third  propofiiion, 
to  be  placed  in  the  mouth  of  his  tube,  he  will  fee  that  lhi>  mo- 
tions of  the  corpufcle  will  not  be  difturbed  by  the  edge  of  the 
pipe.  The  Doflor's  anfwcr  blames  my  reprcfenfaljon  of  his 
idea  of  a  compound  found,  as  amounting  to  n  charge  ot  igno- 
rance in  Ihe  mofl  common  occurrences.  The  re  pre  fen  tali  on 
appeared  to  be  a  necelTary  introdudion  lo  the  objeflions  which 
were  levelled,  in  the  fequci  of  my  elTav.  at  the  Doctor's  Iheory, 
not  at  his  experience;  andiftht  ftalement  beiiot  jull,  it  isdif- 
ficull  to  difcover  the  fenfe  of  tiic  term  coalefcence  in  that  fe:-- 
tionofhis  paper  in  which  the  fubjeCl  is  examined,  efpecially 
when  Ihe  author  infers,  IhnI  the  (ifength  of  the  found  in  a  con- 
cert is  not  in  eya£l  proportion  to  the  number  of  inftruments 
compofing  it.  The  writer  of  this  paragraph,  wiihoiil  doubt 
wiftied  his  readers  to  conclude,  that  the  vibrations,  which  are 
communicalcd  lo  ihe  air  by  a  number  of  founding  bodies,  re. 
duce  Ihemfeives  to  a  (ingle  fel  of  vibrations  by  mutual  oppoii- 
tion  :  Now  my  objections  lu  this  do^rinc  mud  remain  in  force, 
unlil  mankind  can  be  convinced  that  unity  pollelies  ihe  quali- 
ties of  number. 

The  anfwer  corrtfls  Ihe  new  theory  in  two  elTenlial  points ; 
firfi,  ft  gives  a  power  of  analyzing  compounds  lo  the  car;  but 
thit  power  canno!  be  admitted  before  (he  doclrine  of  coalef- 
rence  is  eiiabliHied :  Second,  It  reduces  the  coalefccd  com- 
pound to  a  pigmy,  and  joins  to  it  the  powerful  teflefled  parts 
'  of  ils  conflituunts,  thereby  forming  a  mixture.    A  fi:w  remarks 

>n  ibe  n'xturc  on  the  range  of  fuch  a  mixture  Ihall  clofc  this  letter.  When  a 
if  to'inJ>*ffet-irave!lerapprouches  afown,  he  frequently  hears  the  bells  in  it 
w&ci.'  '  "'  '^^  diilanccofloiir  or  liv*  miles;  Ihe  beating  of  a  drum  may 
catch  his  allention  at  one-third  of  ihat  diftance  ;  when  near  the 
place,  he  perceives  the  blows  of  hammers,  and  at  lalt  a  mixed 
noife.  In  hi<  journey,  lhe4),  he  meets  wilh  a  fucccflion  of 
^  founds  at  the  limiti  qf  their  ijefpeftive  nuigus,  but  does  not  find 
vf'f  the 
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V  Ae  roalefced  compound  in  the  van  of  the  train.     If  (he  pre- 

r'-'reitiiig  fialeineiit  be  natural,  the  r&n^  of  d  mixture  oi  roundi 

hiuft  he  eftimaieil  by  raeani  of  ihe  fttongeft  individual  in  the 

ig^rregale,  not  froni  (he  coaleTced  compound,  admitting  it* 

exiflenc*.     Thj»  conclufmn  holds  good  in  a  general  fenfe ;  at 

e  fame  time  I  know,  that  Ihe  ranges  of  certain  aggregates 

Mceed  Ihe  ranges  of  their  flroiigeft  conftiluents.     Of  ihis  kind 

a  general  difcharge  ol"  tire-arms;  but  though  I  admit  the 

PA8,  it  does  not  appear  to  be  an  inflancc  of  coalefcence.    For 

1  tiie  report  of  every  mutket  employed  h  nearly  alike  ;  and  the' 

olion  of  the  whole  number,  at  the  fame  moment,  agitates 

lalaj-gefield  of  air.     Now  I  know,  by  ubfervalion,  that  when 

Khu  exicnGvefurfaceis  made  to  vibrate  it  founds  to  a  great dif- 

f  twice  i  for  when  the  fhear-men  of  Kendal  beat  the  tenters  on 

I  morning,   the  ftrokes  may  be  heard  for  two  miles,  or 

p.Uore ;  though  the  ear  of  a  by-'iander  is  not  much  affe£)ed  by 

m,  the  operation  being  pcrtormed  by  flriking  (he  flreicheJ 

^doth  with  a  flick   not   thicker  than  a  man's  hnger.     Seeing 

then  a  number  of  founds  which  ar.:  nearly  in  unifon,  forms  an 

aggregate  of  more  power  than  any  one  of  ils  conftiluents,  it 

follows,  that   when   a  multiplicity   of  inflrumcnic  contains  a 

firong  combination  ol'  unifons,  that  combination  determines  ibc 

ige  of  the  coucert. 

JOHN  GOUGH. 
WddUfliaw,  ntar  Kmdal,  Augufl  19,   1302. 
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IX. 

A  Itfv  frOnfi  for  Cluj/ia^   Sitgan,  propnfrd  4^  Cit.  HrissBt 
''  Lachenaie,   CIdcf  Apothecajy  of  the  Miiilnry  Hnjpttali  of 

GaodiUoape  to  the  Agt^uU  of  the  Confuls  oftfu:  French  Republic 

in  the  Windviard  JJtands.. 

CCoiu-tuded front  Fol.  II.  Page  190.J 

L  ME  third  and  laft  which  I  Ihall  mention,  though  the  leafi  Ec 
of  the  inconveniencies  of  the  procefs  of  Citizens  Boucherie,  "" 
cannot  be  reconciled  with  the  economy  which  we  are  obliged 
to  ufe  in  the  employment  of  our  time  ;  namely,  the  necellity 
of  gtaJning  the  fugar  before  it  is  put  into  the  c.ifes,  &c. 

Afler 
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AAef  having  pointeil  out  the  principal  difRculties  and  incon- 
veniences which  would  Mfult  in  the  manipulation  of*  the  claj- 
ing  of  fugar.  by  llie  ufe  of  cafes  con(lru£l<.*d  after  the  model  of 
Ihofc  of  C'iiizens  Boucherie,  nothing  more  remains  to  be  done, 
than  to  lliew  how  I  have  fucceeded  in  overcoming  thefe  diffi- 
culties, bv  uUng  cafes  fabricated  accoiding  to  my  own  prin< 
cipk,. 
O'Bftruaionof  Mycofes  arc  without  a  bottom;  they  are  confttuflcd  of 
eip-iekt  for""  ''*'"  bonrdj,  united  in  a  fquare  by  tenons  and  iBorticae,  which 
elajiiif  Cugnt,  are  held  clofely  together  bv  wedges  ajid  pins,  fo  SJi  to  form  a 
ft''nl'^t<,*tii:"' '^"'"*'  velle!,  each  tide  ot  which  is  three  feet  long,  infide 
dnwiagi,  roeafure.     This  cafe  therefore  prefentn  a  farface  of  nine  fquare 

feet.  The  fide  A  (fee  Plate  XH.  Vol.  II.)  is  18  inches  high 
at  its  extiemity  e,  and  16\  inches  at  its  other  extremity/. 
The  fide  /,  parallel  to  A,  it  coi  in  the  fame  proportions.  The 
height  of  the  fide  k  correfponds  wilh  that  of  the  extremity  /  ; 
and  the  fide  i,  has  the  fame  height  as  the  extremity  e. 

I  place  four  cafe!!,  of  the  conftruclion  Jul)  defiribed,  upon 
a  frame  eight  feet  long,  or  plank,  m,  m,  m,  m,  having  a  ikil  of 
three  inches,  and  laifed  two  feet  above  the  ground  qq.  This 
board  ferves  as  their  bottom.  In  the  fpace  occupied  by  each 
cafe,  it  is  perforated  with  twenty  holes  of  an  inch  in  diameter, 
placed  in  four  rows ;  thefe  holes,  which  1  llop  beneath  wilh 
pins  projeding  eight  inches  above  the  bottom  within,  ferve 
for  the  drainage,  when,  aller  the  fugar  has  cooled,  thefe 
fame  pins,  which  perforate  it  alraoll  to  the  half  of  its  thicknefs, 
are  drawn  out. 

For  receiving  the  fyrup,  I  place  below  the  board  feveral 
channels  which  convey  it  into  a  common  trough  intended  to 
condufl  it  into  a  refervoir.  Thirty-two  cafes  difpofed  in  this 
manner  upon  eight  boards,  in  my  fugar  work,  will  [upply  the 
place  ofQOO  forms,  and  as  many  pots, 

II  is  evident  that  by  thus  inclining  the  board  which  ferves  as 
a  bottom  to  the  cafes,  it  was  indifpenlibly  requifile  that  I 
(hould  give  the  fame  inclination  to  the  lower  edges  of  the  fides, 
in  order  that  this  upper  part  might  be  at  the  fame  level ;  ui4 
this  inclination  was  the  more  neceflary,  *s  it  favours  the  run- 
ning off  o(  the  fyrup  at  t  he  borders,  where  the  cafes  are  in  con- 
(ati  with  the  board,  no  lefa  than  ii  done  by  the  lioles  with 
which  it  is  perforated. 

After 
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After  (Ulbribing  the  conllruOion  and  dirpofitioii  of  ihe  cafei 
which  I  piopol'e,  I  Hull  now  point  out  the  manner  in  which  I 
■lethera. 

Id  OTiier  In  avoid  very  fatiguing  tranfportad'ons,  in  which  Mmul 
mnch  lime  would  be  loft,  I  have  eftabllftied  a  cooler  in  my  f"^' 
Cigar-work,  into  which  the  boiled  fugar  is  conveyed  by  a 
gutter  from  the  batiery.     Near  this  cuoler  I  have  placed  two 
backs,  each  of  the  fame  capacily  witli  one  of  my  cafes,  and 
thefe  lad  are  all  of  equal  dinicnfions. 

■  MANIPULATION. 

f         I  draw  off"  my  fugar  by  two  balleries  *  ;  when  ihefe  are  The  (u 

I      joined  together  in  the  cooler  f,  I  pour  Ihem  into  one  of  the  ""^ 

back)  where  the  ftigar  cryllailizes  by  cooling.     Tills  fugar  is 

ftirred  two  or  three  Unie*  during  the  interval,  until  two  olJier  ■ 

batteries  have  been  poured  into  the  refrigeratory :  1  then  HIl  ^^^^H 

up  my  back,  and  with  a  paddle  I  miK  well  logctJier  the  fugar  ^^^^| 

I       thus  collected  ;  atier  which  I  leave  it  al  rcll  till  it  acquires  the  .^^^H 

■>  epofiftence  it  it  futlcred  to  alfume,  when   intended   to  be  ma-  ^^^1 

^b|if&^ured  into  raw    fugar.     In  the  interval  other  fugar  is 
^Hude,  to  be  poured  in  the  fame  manner  into  the  fecund  b^ick. 

A*  fi>on  as  the  fugar  hasacquiredth*  before-mentioned  con-iStn  j 
Ijflence,  I  ufe  fmall  buckets  for  conveying  it  into  one  of  my '^*.*' 
cafes,  which  I  till  to  Ihe  height  of  fix  lines  below  its  margin.        ' 
I  then  leave  it  till  coated,  at  which  period  I  draw  out  the 
pegs  from  the  board,  in  order  thai  tlie  fyrup  may-  run  out. 

On  the  next  and  the  following  dayt,  one  of  the  fides  of  the  "lily 
cafes  may  be  opened  to  obferve  how  the  drainage  goes  on  ;  f^^"[ 
but  it  mu/i  immediately  be  replaced.     This  facility,  which  has 
the  advantage  of  afcerlaining  the  mod  favourable  moment  for 
claying  the  fugar,  enables  us  alfo  to  afci;rlain  at  pleafure  the 

•  The  batwry  {ballirii)  ii  ihe  veffel  in  which  the  boiling  of  ihe 

fugar  is  terminated,  and  when  two  boilings  arc  uniied  in  (he  rcfri- 

I   gtratory,  it  is  cultamary  in  our  manufafloriei  to  call  iliis  procefi 

'  dftnuing  tff  lie /agar  tj/  (<iuc  balleries  (lirer  Ir/utre  far  dtux  bal- 

•ui,  PeiifirtaiT par  deux  balleriti).     Thefe  Vkq  batteries  confti- 

»  the  filling  [tmplie):    The   name  of  battery,   which   fervei  to 

■t  this  boiler,  ii  given  to  it  bf cau  fe  the  fugar  i«  beaten  with 

r,  or  ftirrer,  whenever  it  lends  to  raife  itfelf  above  the  fidct. 

hit  it  a  large  boiler  which  receives  the  hoilrd  fugar,  and  in 

it  ii  luffertd  to  lofe  ib  beat  before  it  is  drawn  oS". 

effea 


« 


vev:  pRocEis  toK  claying  svcAKit. 

effefl  of  the  claying.  When,  by  eKamining  the  fugar  in  ftits  ' 
manner,  ivc  (ind  iliat  there  doe*  not  remain  more  than  about 
two  inches  difcoloured  by  the  Ijrup,  it  is  the  proper  tirae  for 
claying  it. 
'  To  prepare  the  fugar  for  receiving  the  clav,  the  very  thin 
cnill  forniL'J  at  its  furface  is  firll  taken  olf,  and  is  divided  and 
fpread  out  again  upon  this  furface,  which  is  pierced  to  the 
depth  of  flit  lines  with  the  edge  of  the  trowel,  which  is  after- 
wards uffd  for  flattening  and  compreffing  the  boKom,  After 
this  tail  operation  is  performed,  it  is  clayed  in  the  ufua] 


»of  ib«      i"|)e  fat  earth  or  clay  which  15  generally  ufed  here  for  claying 
of  fiigan,  has  in  general  the  fault  of  retaining  the  water  with 
t  long,  on  which  account  it  happens, 
cr  filtrates  into  the  fugar,  an- 
jnfiderable,  ei-aporalcs  into  the 


hich  it  is  diluted  lo' 
that  wbilft  one  part  of  this 
other,  and  that  not  the  lealt  c 


Stinnicnc  of 

I  and  proccfi 


TIlis  earth  has  alfo  another  laull,  which  !<  very  prejudicial 
to  the  operation  of  the  bleaching  of  the  fugar ;  namely,  that 
of  remaining  for  fcveral  days  in  part  fufpended  in  the  water, 
before  it  is  inlirely  piecipitated  from  il,  which  renders  this 
fluid  milky.     Both  thefe  faults  require  to  be  correfled. 

After  fome  trials  I  fucceeded  in  doing  this  completely  :  my 
procefs  il  limple,  eafy  to  be  executed,  and  requires  neither 
expence  nor  lofs  of  time ;  I  can  even  alTerl,  that  the  water 
with  which  my  earth  thus  prepared  is  diluted,  depolits  nothing 
by  filtrating  into  the  fugar,  but  that  it  feparales  as  limpid  as 
the  pureft  rain  water.  1  fend  you  fome  fugar  bleached  by 
(his  means. 

Advantaga  refulUrtgfroia  IIk  Ufi  of  my  Cajia  and  Manipulalivrt 

for  the  cloying  /{f  Sugar. 

FIRST       ADVANTAGE. 

ffV/A  Ih^rd  to  tke  Weight. 

By  cafing  the  fugar  in  the  manner  here  defcribetl  previous 

to  fubjefling  it  In  the  claying  procefs.  I  prevent  the  formation 

'of  tht'/oiin(ain  (la/ontaiiK)  *,  andof  the  thick cruft  with  which 

every  form  prefenis  us.     Now,  not  having  to  feparate  the 
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bnnLains  of  tbc  lwcnty-(ix  forms  which  each  of  my  cad;? 
IS,  thequaniily  of  tlic  fngar  of  ihcft  famp  fountain 
re  fore  ill  the  mafs.     This  mafs  alfofufiiif^a  much  fmaller 
lofs  in  the  cbying  operation,  than  it  would  have  done  if  lliis 
f^>eralion  had  been  performed  u[)on  Iwenty-fix  feparalc  forms. 

SECOND     ADVANTAGE. 
With  Rejjiea  to  the  HegnlarUy  and  l/mformity  qflhc  Grain. 
When  fugar  ii  made  to  tryllallize  in  our  form*,  the  cryllalsThej, 
dwt  are  fucceflively  precipilaled  from  ir,  diminifh  alfo  fuccef- ""''^"'°' 
rely  in  volume  in  riling  towards  the  top  of  the  form  which, 
ili  pofition,  then  reprcffnU  an  Inverled  cone.     In  order  to 
void  this  inconvenience,  it  ii  cuflomary  lo  llir  the  fugar  as 
bon  as  its  cruli  becomes  folid.     Neverthcleffi,  a  founliiin  it 
loft  always  formed,  and  fitt  this  reafon:  when  ihc  mafs 
eonlalned  in  our  large  forms  begins  lo  cool,  the  conliftence 
1  its  Hill  liquid  part  alTuines,  in  proportion  a;  it  lufe;  the 
^loric  by  which  it  was  liquefied,  rcfiding  the  force  of  altrac- 
n  which  (ends  to  unite  the  cryftatline  particles  fymmelritally 
jclher,  in  order  to  conflilule  regular  crjUals,  ihefe  particles 
I  precipitated,  and  apply  ihemfelve*  confufedly  together, 
as  to  produce  the  folid  cruli  which  conl^ilutei  this  fountain. 
The  greater  uniformity  of  cryltallizalion  in  the  mafs  whichcjufc  whydie 
%»y  cafca  contain,  (though  I  have  didurbed  it  by  agitating  iiS'*''' ''  '»««'• 
everal  lime'i},    compared  with  what  happens  in  the  forms 
vhich  have  not  been  moved,  and  even  in  thofe  which  have 
with  equal  care  and  dexterity,  is  obtained  at  Uie  mo- 
when  t  cafe  my  fugar.    The  confidence  which  il  has  ac- 
[Uired  no  longer  permits  its  cryftals  U>  obey  (he  laws  of  (lalics ; 
ml  the  fnialler  being  confounded  with  the  larger,  the  whole 
refents  a  perfefl  uniformity,  not  lo  be  found  in  thofe  forms 
irhich  have  been  moved.     For  in  them  this  operation  is  per- 
J  at  a  moment  when  there  ilili  exirts  a  fjfficient  degree 
if  liquidity  to  permit  the  larger  cryftals  to  obey  the  fame  laws. 
The  reafon  why  nofyrup  is  collefled  above  the  fugar  depo- fj„  fj,nip  et 
.  in  my  cafes,  depends  on  the  feparation  of  the  cryftals,  lifltdiitbctoii. 
rhich  being  not  at  all  agglutinated  together,  leave  intervals 
ifliciently  large  to  receive  it.     But  as  this  fyrup  ftill  retains 
luch  of  it«  heat  when  the  fugar  is  cafed,  it  depofiis  a  fuffi- 
enl  number  of  eryflatline  particlei  in  cooling  to  agglutinate 
e  cryftals,  and  to  caufc  the  whole  mafs  lo  fettle  by  its  own 
weight 
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weight  in  proportion  a;  liie  fynip  runs  off,  and  acquires 

ol  adlie^on  equal  (o  Lhalorihe  fugar  put  inlo  forms.  ^ 

THIRD      ADVANTAGE.  i 

At  in  ilt  Wlutenejt  or  Colour.  '• 

jt     The  cafed  fugar  bleathes  as  well  under  the  day,  as  tld| 

wliii'li  is  pul  into  farms,  and  its  bafe  retains  proportionally  1^ 

fyrup  than  the  head  of  tlie  form.  I 

FOURTH    ADVANTAGE. 

IVUh  liejpca  Id  the  Manipulatioit. 

COMPARUON.      1.   Lrf»  Labimr  and  li]fi  of  Time. 

=-     When  we  iabricate  fugar,         By  ihe  ufe  of  the  cafes,  J 


L 


lecefilly  for  «  , 
ploying  this  man,  and  the  loj 
of'  thii  time. 

For  caling  the  fngar,  it  ^ 
Iranfported,   one  fingle  lima 


^ve  employ  every  day  a  man 
to  walli  the  forms,  to  carry 
[hum  to  the  fugar  hguft:,  and 
lo  plant  them. 

For  putting  the  fugar  ii 
Jorms   two  men  carry  it  s 

divide  it  in  the  forms,  which  by  f]na!lbuck.ets  intomy  cafH 
Ihey  fill.  When  Ihefe  forms  which  are  clofe  to  the  baclcl 
arc  fufhcicnlly  cool,  they  carry  This  operation  is  much  lefs  ft 
lh«m  into  the  refitting  houle,  tiguing  than  that  of  the  formi 
in  order  to  put  them  upon  poll  which  weigh  aliout  SO  Ibt.  ^ 
the  moment  when  they  all 
thus  conveyed,  , 

When,  on  opening  one  ^ 
the  fides  of  my  cafei,  the  fu^ 
order  to  is  found  to  be  in  the  prope 
flale  fur  claying,  its  bottom  i 
prepared  as  I  have  defcribei 
page  ,  after  ivhich  the  ttj 
luted  earth  is  poured  upon  it. 


into  which  their  fyrups  drai 

Afler  fome  days  drainage, 
the  Imllom  of  each  form  i: 
deeply  pcrlbtaletl, 


extract  the  fountain  which  i! 

feparated  from  it.     When  ihii 

bulinefs  k  hnilhcd,  the  torro) 

are  again  carried  lo  other  pots, 

deftined  to  receive  their  fnie  ^ 

lyrup,  after  which  the  bottom 

is  difpofed  for  the  claying. 

Ill  treating  416  furms  in  this  In  tliis  manner  four  tnq 
manner,  four  men  generally  clay  1 6  cafes,  which  contain  | 
work  51,711  hours,  which,  much  as  416  forms, 
multiplied  by  4,  amounts  to  fpace  of  2,8 10  hours, 
'JOiT.Hit  hours  wo(k  for  one  multiplied  by  4,  amounts  ^ 
man.  1 1,360    houn  work  fur  oa 


Th« 


1? 


KCW   PROCESS    rOR.CLWIttC    SCOABt.  4^ 

■    Thus  the  labour  of  cUying  416  feparale  forms,  with  refixfi  The  new  me- 
to  the  lime  employed  in  doing  it,  in  to  that  for  the  fame  rum- '''"I  "^  *'"'''''< 
ber  of  Ibrma  contained  in  lijcafes.  as  206,344,  (o  II,3S0,  or  jiJ,u("Jne  1^„. 
A!  51,7  II   (o  2,840.     Now  ihercfore,  la  order  to  day  the 'i"'' pm  rf 
qaatttit/ of  4t€  formsof  fugor  in  mj'  16  cafes,  (reckoning  the 
day's  work  of  each  man  at  nine  houri)  I  employ  only  one  day 
and  2,SoO  hours,  whereaj  the  claying  of  415  feparste  forms 
requires  22  dayi  and  3,S44  hours. 

I  find  alfo  another  faving  of  lime  and  Eabonr  when  the  earth 
Is  to  be  removed  and  the  bottom  cluatied.  This  work,  which 
lequires  a  day's  work  of  Ibui  men  for  the  416  forms,  is  per- 
-fermed  in  half  a  day  fay  one  man,  upon  the  lame  quantily  of 
/ugar  in  tiie  cafes.  1  have  made  this  CDtopuifan  with  my 
mick  in  my  band. 


2.  Fc-jxr  Dijictdties  in  tnakeng  the  Bnttom. 
Though  our  caltivalors  arc         In  my  caft-s,  as  there  are  no  The  botwra 

lc»llcd  man 


I 


TTfl 


in  the  habit  nf  working  the  fountains  to  be  fcparaled, 

fermi  and  making  tlieir  bot-  the  cryflillizatiun    is  uniform 

;AMI(  iMrequeniiy  hnppens  thai  throughout  the   whole    mafs, 

.(hey  negled  to  remove  the  the  furlace  of  which  is  level 

;fcun  tain  completely ;  frequent-  before  the  cooling  of  the  fu- 

ly  alfo  they  do  not  uniformly  gar,  it  Js  fiiffidentlhalihis  fur- 

^mprefs    the  grained   fugnr  lace  bcverytligbtly  opened  be- 

which  they  had  taken  out  of  fore  levelling  the  bottom  :  this 

^ibe  form,  in  order  to  Icparate  bufinefi    is   very   eafily    per< 

ffais  Ibuntain,  and  which  ihey  formed,  and  thofe  workmen  to  '    ' 

JCpIaice  in  it  before  making  the  whom    I    have  conlided  the 

'bottom.     In  that  cafe,  the  fil-  e\ecution  for  the   firft  lime, 

^tion  of  the  water  of  the  clay  haveperfeflly  fucceeded.  Tlie  . 

not  take  place  uniformly,  uniformity  of  the  cryftalliaa-  ; 

Imt  meets  with   obRacles  to-  tionin  my  cafes,  alfo  favours 

wards  fome  of  iisfidesi  ai:d  ihiit  of  the   filtration  of  the 

the  bottom,  after  this  claying,  claying  water  into  the  tnafs  of 

hibits  diAinft  marks  of  the  the  fugar. 
ivc  taampulation. 

3.  Analher  fuTiing  of  Time  and  Lalimr. 
The  forms  being  fufficicnily        When  1  find  Ihi;  fugar  fuf-  The  drying  uia 

,8tained,  the  lugar  is  taken  out  ficienily  drained  In   my  cafes,  ?''""5  ''■^'" 

Jftoidar  to  be  conveyedlo  the  1  take  them  down,  and  leave  tnme  ficilinud 


NEW  rKOCBsj  rox  ciavivc  sugars. 


floi'c,  where  the  loaves  are 
depolited  upon  frames,  alk'r 
the  head, which  is  dill  wet  witii 
fvrup,  ha)  been  feparaled  from 
(hem.  For,  wiihout  this  pre- 
caution, it  would  6ow  back 
into  the  mars,  diminilli  its 
whilencfs,  and  render  the  fu- 
gar  inoie  liable  to  attraS  the 
moiflure  of  the  aimofphere. 
Some  days  afterwards  thefe 
ftirms  are  cut  in  pieces,  in  or- 
der to  complete  tlie  deficcation 
of  the  fugar,  and  to  feparale 
the  whitefl  parts  from  th« 
more  coloured. 


them  for  romedaysexpofud  lo 
the  air,  in  order  lo  depriv 
them  of  part  of  their  hi 
which  is  rHained  by  that  of 
the  forms,  when  cjrricd  ii 
dialely  to  the  (la^e :  I  after- 
wards break  <hem  into  large 
pieces  *,  and  at  (he  lame  time 
I  feparale  tlie  whiler  fugar 
from  the  rcfl.  By  this  meuns 
the  workmen  arc  fai'fd  the  la- 
bour of  dividing  the  fame  In* 
gar,  as  is  commonly  done,  in  a 
hut  Hove  which  frequently 
imift  not  be  fiifl'ered  to  coo' 
Tvithout  the  danger  of  injuring 
the  quuliiy  of  the  fugar,  and 
which,  on  account  of  the 
length  of  time  they  remain  in 
it,  difpofes  them  to  (Sntrafl 
dangerous  difeafes. 

FIFTH      ADVANTAGE. 

The  lad  of  the  advantages  which  I  (hail  mejilion,  and  which 
'  is  nut  the  leali  important,  is  that  of  economy. 

Iti»»cryfi-         Jt  i»  known  thai  it  would         With  little  expence,  I  con- 
Hnfitc,  ""■       coft  an  immenfe  fum  lo  tliofe     ftrucl  and  eflablilh  32  cafes, 
cull  u  DnKuK    who,  like  myfelf,  being  with-     wjiich  fupply  the  place  of  S02 
thi  formi  inr)     oui  forms  and  pots,  are  under     forms  and  as  many  pots,  and 
jeMriiui  it'"     '^'■'    ncccffity     of    providing     by  this  means  avoid  the  great 
5t^  uiil  ctfily  themfelves  with  them,  fince  it     lolTes  occafioned   by  the  daily 
is  almoli  impoOible  to  procure     rupture  of  thcfe  veOels. 
them,  now  that  the  Saints  and 
Martinique  are  in  the  power 
of  the  enemy. 

!  think  it  unnecelTary  to  recajiiluiate  the  obfervations  con- 
tained in  this  memoir,  and  only  wilh  that  you  may  confidct 
tiiem  as  having  Tome  title  to  your  approbation. 

*  Which  are  likewife  carried  iato  the  ilave,  but  which  dry  roort 
fpcedily  than  the  loaves. 

X.  Dffcriptiua 
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ifi-ti*!,  SKTttari/ to  tlic 
From  their  TranJiiiUoiu 

"l 

l&iription  or  a  TTaf.r  H 
LetUr  to   Mr.  Charle 
^  (Ac  Encouragtment  qf 

h  i 
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SIR, 

J  Beg  leai'e  lo  laj  before  ihe  Society  foiui;  obft;r*alions  re-  The  esmmaa 
TpecHng  llie  cumnion  Undeiiliot  Water-wheel,  and  lo  point '"''""^t  wiieel 
out  the  fuperioriijr  gf  that  of  my  Invention, 

Fi/rt,— III  common  waler-wlieels  more  than  half  ihe  water  li 


n  waler-wlieels  more  than  half  ihe  water  liti  mucbwi 
iffesfrom  llic  gale  through  the  wheel,  without  giving  it  any  P'^*'^""^- 


Secondly, — The  floats  coming  out  of  the  tail-water  are  re*  The  floati  ue 
led  with  ainioft  the  wtiole  weight  oi'  the  atmofphere,  at  the  'f''«='l  "  ^'' 
..ifiant  they  leave  the  furfaceof  tlicwater.  ' 

Tliirdly, — The  fame  tjiiaiiiity  of  water  which  palTed  be-  md  they  und  ta 
Iween  Ihe  floats  at  llie  head,  raufl  of  courfe  pafi  between  ^'^  ""^  "■'  •" 
them  at  the  tail,  and  confequdnilv  iiDpeUc  tlie  motion  of  tite 
wheel. 
In  the  waler-wheel  of  my  invention, 

¥'u&, — No  water  can  pafi  but  wiial  a&i,  with  all  its  forcflk  In  the  new 
on  the  extremity  of  Ihe  wheel.  *^''' 

Secondly, — The  floats  coming  out  of  the  water  in  an  ob-  iht  floiu  m 

direflion,  prevent  tlie  weight   of  llic  atmofphere  from  "^''l'"' 
ing  any  «ffeS. 

Thirdly, — Although  the  new  waler-wheel  i?  heavier  than  It  U  Input 
Ihe  old  contiruaion,  yet  it  runs  lighter  on  its  axii,  the  b^y^'i 
Water  having  a  tendency  lo  float  it. 

Fourlhly, — By  experimenis  made  with  the  models,  proofi  Md  ispuJrBt 
ive  been  fliown,  that  the  new  wheel  has  many  advantages        ""U*- 

nmon  wheel,  and  thai,  when  it  works  in  deep 
nl  water,  it  will  carry  weights  in  proportion  of  three  lo  one, 
,|b that'll  will  be  particularly  fer viewable  for  tide-mills. 

I  hope  OD  trial,  before  the  Society,  itiy  invention  will  prove 
;eftfii],  and  am, 


No,  26,  Brompton. 
To  the  Secretary  of  the 
Society  of  Arts,  &c. 

b.  III.— SsrTEMllEKj 


Your  obedient  Servant, 

J.  BESANT. 


Kepcatej 
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JP  oescKiriiaN  or  a  w 

«ri^'^s"'      ^^P"'^<'^''P«'"''neiitsof  Uie  above  ii 

dtij.  '  ^y  the  Commhtee  ;  fiom  tije  refuU  of  which  it  appeared  to 

pofiefs  fome  advanlages  oTer  the  common  wlieelj  and  to  Uave 
a  greater  power  of  aflion. 

Dcfiription  of  the  late  Afr.  Befant't  Water-xehcel.     Plate  III. 
Fig.  1  &  2. 

"f  A.  The  body  of  liie  water-wheel,  which  is  hollow  in  ihe 
form  of  a  drum,  and  is  fo  conftrafled  as  to  be  proof  againft 
the  admiflioii  of  water  wilhin  it. 

B.  The  avi'i  on  which  it  turns. 

C.  Tlie  iloal  board?,  placed  on  the  periphery  of  ihe  wheel. 
Each  board  is  obliquely  fixed  firm  to  the  rim  of  il,  and  lo  the 
body  of  the  drum. 

D.  The  refervoir,  cnutainin^  the  water, 
£.  The  penJIock,  which  regulates  the  quantity  of  water 

running  to  the  wheel. 

F.  Tlie  current  of  water  which  has  patTed  the  wheel. 

Fig.  1.  Is  a  front  view  of  the  waler-wheel,  (hewing  the 
oblique  diredion  in  whicli  the  Uoat  boards  C  are  placed  on  the 
bee  of  the  wheel. 


Drfcriptian  of  an  HydramcUr  u-hkh  giva  the  Specific  Gravilj/  frjf 
InJ^etion,  conjirvaed  by  Mr.  Atkiss.— W.  N. 

IgjpfOYnnenU  OINCE  the  publication  of  the  defcriplion  of  Atkins's  hydro- 
in  Atkini  1  meter  in  the  tail  Number,  that  artift  has  communicated  to  me 
Till  vceighti  of  two  improvements  in  the  lame.  The  firft  confifts  in  making 
diffeienifijurei.  ([,g  fp„,.  weight!  of  different  figures,  namely,  round,  fquare, 
I  triangular,  and  pentagonal ;  and  he  flam ps  the  liguTC  of  the 

weight  on  the  Hiding  ru  le,  oppolite  to  every  letter  in  the  feries 
to  which  it  belongs.  By  this  contrivance,  which  indicfttci  a 
conGderable  degree  of  fagacity  with  regard  to  the  pradJcai 
requilites  of  an  inftruraent  offered  for  general  ufe,  he  renders 
it  impoflible  for  the  revenue  officer  to  millake  one  weight  for 
another,  or  to  take  out  bis  refult  at  a  wrong  part  of  the  Hiding 
rule. 

The 


I 


I 


r  BEfCBIFTION    OF    AN    aVDROMEXefc.  Jl 

The  oilier  alteration,  though  it  will  be  highlj  acceptable  to  Hjinxaettt 
})hilolbphical  men,  and  rcntteni  the  infirument  of  more  s'^'C""  ("JJ'j' '.^i^S". 
five  Otililv,  and  iTidependfnt  of  the  Hiding  rule,  feems  flot  fo  jid  ou  iu  &tau 
clearlj  lo  be  an  amelkiraiion  with  regard  to  il5  mofi  freqoeiil 
and  daily  ufe.     Inficad  of  the  lettcis  of  the  aiphabel,  the  four 
feces  of  Ihe  ftera  canv  ^radualiona  which  at  once  point  out  ihe 
fpecilic  gravily  of  the  fluid  according  to  the  form  now  univer- 
fclljr  »dopted  ;  nameiy,  by  ttiting  water  a*  unity.     U%  figure 
is  (liown  in  Plate  IV.  Fig.  I.  and  it  is  provided  with  three 
weights  ;  the  inflrnmcnt  itfelf  being  ufed  without  a  weight  a.t 
Ihe  upper  range  of  denfitiea. 

Upon  thtt  occalioii  I  cannot  avoid  noticing  (he  flrangc  over-  RnurluUc 
fight  of  phiiofophers  and  others,  who  have  evprefTed  the  den-  f«ffi»l'i»f  pW- 
nties  ot  acids  and  other  fliiidi  by  certain  graduation!  or  degrees  ^ik,  [„  noting 
of  inRrumenU,  fuch  as  that  of  Baum^  and  others ;  the  com- •p<t'''«P»"'i'" 
parative  values  of  which  were  either  little  known  (o  ihe  pub-  g}  (^^^  Ivina- 
lie,  or  ill  determined  ;  fo  that  a  very  elfeniial  part  of  what  we  ^  inftmrninh 
teod  in  bookt  of  chemiftry  is  to  many  readers  void  of  meaning. 
This  it  ttie  more  remarkable,  fince  tlie  eKprcOion  of  fpectfic 
gravities  before  mentioned  has  beeii  lortg  eflabtilbed,  and  is 
quite  A'i  eafy  to  be  put  upon  an  inflrument  as  any  other  nota- 
ttoti.     Il  is  now  fcven  years  lince  I   urgeil  thii  matter  in  tpv  Lnng  igo  ns- 
diemical  di^ionary  at  the  article  Hydrometer,  and  the  evil  ""'' '"''  '*"  "" 
Ail]  remain?.      If  my  recollRflion  be   accurate,   I  think  BrifTon  and  byBtiflbo. 
made  the  fame  propnfal  many  years  ago  in  the  Memoirs  of  the 
French  Academy.     In  the  prefent  inftance,  Mr.  Atkins  gains  AJvuitija  in 
Ihe  advanl^e  of  fimplifying  his  Aiding  rule  by  leaving  out  the  Sf'^'''^'flilu  *'' 
■Iphabet,  fo  that  (he  operator  looks  for  the  fpecilic  gravity  in  role  j 
the  firft  infiance,  and  upon  the  oppofile  lines  he  finds  the 
flrenglh  and  concentration. 

But  flill  more  it  is  worthy  of  notice,  Ibat  if  he  pofTcflbd  the  mJ  rtnde ring 

inflninient  only,  or  fliould  in  prefertince  be  defiroui  of  refer- "",!''*1'.'"°*"^ 
-^  ^  >PpLc»bIe  10  M 

fmg  lo  Gilpin  s  tables,  or  any  other  elementary  courfe  of  ex-ubksi  ftc. 
^riments,  he  can  proceed  immediately  from  tiie  inltrument  lo 
the  table  without  uling  the  (liding  rule  to  determine  hit  Qjccific 
gravity,  b»  he  muil  with  the  other. 

I  was  at  fitft  very  llrongly  imprelTcd  with  the  facility  of  ihii 
indrument  in  giving  a  refult  which  ordinarily  demands  to  be 
computed,  and  I  fuppofe  Ihe  advantages  above  Haled  will  fe- 
Cure  it  the  preference  with  many.     But  upon  reflcflion,  I  But  ih;  a'pha- 
eannot  but  think  the  alphabetic  inflr umcnt  inlitlcd  to  il.c  pre-  "p^^ri"t^^ 
£  2  /crencc  »d<ptcd  Jbr 


pitch  and  (tn-  fercnce  for  commercial  purpofcs,  cfpccially  In  Uic  hanttf  of 
tafulneft  ""'  '"^'^  unured  lo  niake  experimenls,  or  to  read  llie  graduation* 
ofs  rule.  It  is  To  much,  more  eafy  to  pilcli  upon  a  Gngle  let- 
ter than  to  read  a  graduation  by  ftrokc,  as  well  upon  the  in- 
flrument  a;  the  fcale,  (hat  1  apprehend  the  literal  indrumenl, 
with  the  variouUy  figured  weights,  will  in  general  be  attended 
with  greater  certainty  in  the  hands  of  all  but  pliilofophcrs. 
And  for  this  rcafon  the  inventor  is  undoubtedly  right  in  oETeiijig 
both  lo  the  public. 
CjBoirit  bulb.  The  cylindrical  figure  of  the  bulb  affords  ihe  means  of  di- 
minirhing  llie  lize  of  the  alFay  Jar,  and  confequenlly  will 
demand  a  lefs  quantity  of  tJie  fpicit  (o  make  llie  requifiie 
trials. 


XL 

On  the  Air/rom  finery  Cinder  end  CharcorU,  laithother  Rniinrk' 
on  the  EiperimetUi  and  Ob/er:ulioM  nf  Mr.  CTuickJkank.  hi 
a   Letter  from   Joseph    Priestlky,    L.  L.  D.   F.  R.  S. 

To  Mr.  NICHOLSON. 

Dear   Sik,       Northumberkad  (America),  Ap.  IG,  1802. 

Mr.  CRUICKSHANK  living  added  a  fupplemenl  lo  lbs 

account  of  his  experiments  on  the  air  from  finery  cinder  and 

charcoal,  in  anfwer  lo  my  objeflions  to  the  new  theory  from 

the  properties  of  that  kind  of  air,  I  have  given  more  particular 

attention  to  it,  and  wilh  you  to  add  the  following  obfervaliont 

to  thofe  which  1  have  already  fent  you  on  the  fubjeQ. 

Frtin         When  1  firft  procured  this  kind  of  air,  I  was  far  from  ima- 

itetuidgining  that  I  had  difcovered  any  nm  fpecies  of  air,  elTeiitiallj 

^^(t    diiferent  from  any  oiher,  fo  as  to  be  entitled  to  a  new  oppella- 

AnmathcrdcDlciion,  but  only  another  variety  in  the  heavy  inflammable  air, 

fl^pj^  which  is  known  to  be  exceedingly  various  in  different  pro- 

fordnn  of  filed  celTes,  and  even  in  the  diiferent  flages  of  the  fame  procefs,  all 

'  'b^!^''''  '"'**'^™f  agreeing  in  this,  that  when  all  fined  air  is  carefully 

wallied  out  of  them,  more  is  found  on  the  decompofition  of 

them  tvhea  tiiey  axe  filed  tog^tliu  with  dephlogilUcaled  air. 

And 
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'ttnd  in  thi*  elTEntial  properly  fhc  air  from  finery  cinder  and 

Wiarcoal  agrees  with  Ihem  all,  difflTliig  only  in  ihc  proportion 

of  Ihc  fixed  air  prociireil  in  this  manner.     Tliis,  however,  I 

now  find  mufi  he-  catled  the  ga-tuiif  oxide  nfcnrbon,   while  the 

0!hcrs  are  called   hj/dro-enrboiialrt ;    that  being  faid  \a  cim- 

fS  of  two  parts  osiRtn  t"  one  of  carbon,  and  the  others  lo 

be  a  folution  of  carbon  in  hidrogcn,  or  the  light  inflammable 

ftir. 

•   it  Cannot,  however,  lie  denied,  tlial  ihis  gazeous  oxide  of ''u'lfUmmiAlt 

tatbon  is  inflammublc  as  well  a.*  llit-  hydro- carbonates,   in  tiie  j',^f^Hi»tii!!* 

torapofition  of  which  a  portion  ol'  hidrogen  (one  of  the  conipo-  ">i  "nnot  witb 

Bent  parts  of  water)  is  a  nccelTary  ingredient.    This  air,  there.  br'tJ^ed  an  oT- 

^re,  Crom  finery  cinder  and  chart'oal,  though  called  an  oxide,  iic,  bctjufe  icii 

mnft  be  elTentiaily  different  from  all  the  oti.cr  oxides,  none  of «""'"' '*'''''■ 

Twhichare  combuftible,  being  fabflances  already  falurated  with 

oxigen.     Thus  iron  is  a  combullible  fubflance,  ready  to  unite 

with  oxigen  when  preTented  lo  it  in  a  proper  temperature; 

but  when  it  i;  faturatcd  with  oxigen,  and  therefore  called  an 

Oxide  of  iron,  it  is  no  longer  combuftible.     It  mull,  ihcrdbre, 

IS  it  appears  to  me,  be  an  abfoiote  abandonment  of  one  of  the 

■oft  ftindamt-'nlal  principles!  of  the  new  theory,  to  call  the  air 

fiom  finery  cinder  and  charcoal  an  oxide.     If  fubflances  be 

eombiiflible  in  proportion  to  their  afSnity  to  oxigen,  and  iheir 

confequcnt  reaitinefs  lo  unite  with  it,  this  air,  which  is  inftam- 

nable,  muft  be  of  Mm  clafs,  and  therefore  the  very  reverfe  of 

Ibe  oxides,  which  are  faiuratcd  with  o\igen,  and  incapable  of 

receiving  more. 

If  ihis  kind  of  air  was  a  real  OKidc,   it  would  appear  lo  be  lu  aiigtn  \0» 
(b  on  the  deeoaipofition  of  it;   when,   lo  make  the  refult  «"' ""/o^"^^** 
.exceptionable,  the  ovigcn  it  contained  would  either  lake  the  bj  trinfpgliDQni 
fortqcrdeplihijiflical'^d  air,  or  become  a  component  part  of^  "^''J^  *"** 
Ibme  other  fubflance  into  which  oxigen  was  acknowledged  lo 
'4nter.     But  this  has  not  been  done.     When  it  is  decompofc4 
by  being  fiicd  together  with  dephlogifLicaled  air,  the  fixed  air 
irhich  h  then  formed  come*,  I  have  no  doubt,  from  the  oxigen 
in  [lie  dephlogiHicated  air,  and  the  phlogiftoii  in  this  fpecies  of 
lofiainaiable  airj   the  fame  being  the   refult,    though  not  quite 
SI  the  fame  degree,  of  firing  tlie  heavy  inflammable  air  Iroin 
cli:ircoal  and  water,  from  oil,  &c.  &c:.  into  which  it  is  not  pro. 
tended  that  anv  oxigea  enters. 

Mr. 
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Mr.  Cniickfhank'i  obfetvalion  of  ihe  union  of  the  oxigen  in 
Itiedephlogifijcaled  marine  Bcid  air  with  inftammable  air  in  Ihe 
common  temperature  of  the  atmofphere,  is  exlremely  curious 
but  I  du  not  fee  that  any  thing  more  can  be  inferred  from 
it,  than  from  the  more  rapid  union  of  the  fame  principles 
when  in^ammabte  and  dephlogiAicated  air  are  fired  toge- 
(her. 

Mr.  Cruieklhankfays,  p.  201,  that  "iheoxigenin  Ihe  finery 
.  "  cinder,  uniting  wiih  the  carbon  in  llie  charcoal,  forms  fixed 
'  "  air;  and  thai  the  melal  being  in  the  fame  procefs  revived, 
"  decoinpofes  thii  fixed  air,  when  it  becomes  again  to  a  cer- 
"  tain  degree  oxigenaieii."  Bui  why  ftiould  nol  the  finery 
cinder  retain  a  part  of  its  oxigen,  rather  than  liril  pnrt  with  it, 
and  then  l.ike  it  again  ?  Bcfides,  it  is  not  true  that  afler  this 
procelt  the  iron  is  in  any  degree  oxigenated,  for  it  is  com- 
pletely revived,  being  perfeft  iron ;  and  that  any  fi\ed  air  u 
either  formed  or  dcconipofcd  in  this  procefs  is  altogether  con- 
jeflural,  and  for  the  reafons  ihal  I  have  given  cannot  be  ad* 
mitted.  For  though  it  might  be  poITiblefur  oxigen  in  ihe  finery 
cinder  (fuppofing  it  lo  contain  that  principle)  to  be  extraSed 
froia  it  by  its  affinity  with  ihe  athoa  in  tlic  charcoal,  and  that 
sotliing  Ibould  enter  in  iU  place,  the  iron  thuji  revived  could 
not  decompofe   die  fixed  ait  thai  would   be  formed  by  Iheir 

Not  doubling  but  that  Mr.  Cruickdiank  will  give  a  candid 
kUention  to  tbelc  obferva  lions. 


1 
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Your's  fincercly, 

J.  PRIESTLEY. 


DESCEIPTIOII   or. -UAD'S   IKKVHATIC   APPAKATUI. 


Difcription  of  Mr.  Read's  Piiemrialic  /IpptiratK'.     Bj  n 
Corrcjpondi^iit. 

To  Mr.  NICHOLSON. 
SIR, 

1  BEG  leave  lo  recommend  lo  your  nolicc  a 
cheap  apparatus  for  difplafing  any  cladic  fluid  out  of  n  refer-  J 
vwr  by  means  of  water.  It  h  defcribed  in  Dr.  BedcJoes's  Con- 
fideration^on  the  Mcclicira!  Ufc  of  Faflitious  Airs,  oflavo, 
London,  1796;  and  I  hope  you  will  ihink  with  me,  that  itd*- 
ferves  s  corner  in  your  refpeflable  publication. 

I  isafunnel  with  its  pipe  or  lube  flopped  at  B,  and  pcrfo- Defcrtption. 
rated  above  and  below  n  iih  two  o/  three  fma!!  holes.     Round 
the  lube  A  K  foldered  the  tube  D,  left  open  at  top.     The  lube 
G  is  made  lo  circamfcribe  the  tube  D,  and  to  be  foldered  lo 
the  funnel  al  F,  and  likewife  foldered  at  E, 

When  water  is  poured  into  the  funnel,  and  the  cork  K  K  ii 
ferted  into  a  bottle  filled  with  gas,  the  water  defcendi  through 
the  tube  A  till  it  arrives  at  the  divifion  or  fedion  B;  it  then 
flows  through  the  fma!!  holen  at  C,  and  afcends  between  tlie 
tubes  A  and  B ;  flows  over  the  lop  of  D,  and  defcends  again 
between  the  lubes  D  and  G,  till  it  arrives  at  E  (where  it  re- 
gains the  tube  through  an  opening  above  E),  and  thence  into 
the  bottle.  Ai  the  water  goes  in,  the  air  efcapes  between  the 
lubes  A  and  G,  through  the  cock  H,  into  the  mouth-piece. 
The'lower  end  of  G  i%  made  to  perforate  a  cork  which  is  pro- 
perly attached  to  it,  and  which  fecures  it  air-light  into  the  neck 
of  a  common  bottle,  asfcen  at  fig.  3. 

The  whole  apparatus  may  be  made  for  lefs  than  a  guinea.  It  Ii  verjrchciip. 
and  may  be  introduced  lo  ihebed-lide  of  the  patient,  if  necef- 
fory,  by  having  a  calk  filled  Inftcad  of  a  bottle,  and  placed 
upon  a  chair.  By  turning  the  cock  the  patient  may  lake  an  in- 
fpiralion  whenever  he  pleafes,  the  cock  being  ihiiill  into  tlic 
f^iggotholc. 

I  am,  &c. 

N.N. 
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SCIENTIFIC    NEWS,    iifc. 

ETperiment  nfthe  Im/Jible  Girl. 

Ih'/V'^ii^ti.t  for  ■^'^'^^-  ^^"^^^'  brother  to  Uie  well  known  philofopher  of 
(he  Fipeiimtnt  l''^'^  name,  has  for  fome  lime  exhibited  in  Lciceiler-fqiiare  an 
DTihe  InviGble  experiment  called  the  liivifiblc  Girl,  which  feems  to  include 
forae  principle  oracoultics  either  newly  difcovered,  or  not  hi- 
therto known  to  the  extent  there  difplajed.  In  the  middle  of 
9  large  loflj'  room  in  an  old  houfe,  where  from  the  appearance 
ofthe  wainfcnt,  the  polition  of  fome  giafs  cafes  of  natural  hif. 
tory  thai  occupy  one  fide,  and  from  other  circumilances,  llieie 
does  not  appear  to  be  any  fituation  for  acoulHc  lubes  or  re- 
flcOors — i^  lixed  a  wooden  railing  about  four  feet  high,  and 
fife  feet  wide,  incloling  a  Iquaie  fpacp.  From  the  four  cor- 
ner poRs  of  this  railing  there  rife  painteil  wires,  or  rodi,  to  aa 
eminence  of  let)  or  twelve  feel,  (theciclmg  being  much  lof- 
tier) and  from  ihe  upper  ends  of  thefe  hangs,  by  firings  refem- 
blifig  the  lines  ufed  with  curlains,  a  ftjuate  glazed  box,  having 
m  maliogany  Imltom  ocarly  on  a  level  with  the  top  af  the  rail- 
ing, and  in  the  middle  of  this  box  is  fufpeiidcd  an  hemifphere 
(or  larger  portion)  of  tin  or  pewter,  out  of  which  proceed  ho- 
rizontally four  tin  trumpets  at  right  angles  to  each  olher,  and 
about  eighteen  inches  long.  The  difit  or  hemifphere  in  covered 
with  a  portion  of  a  quickfilvercd  giafs  globe  which  completes 
the  rpliere,  and  clofet  it  iraperfeflly,  fo  as  not  lo  prevent  the 
jnner  aperture  of  one  of  the  trumpets  from  being  feen  ihrougli 
the  place  of  infcrlion.  This  whole  apparatus  js  fo  tar  de- 
tached from  all  fiirround  ng  objecls,  that  it  can  be  fwung  about 
at  far  a^  the  r:iiling  will  allow  ;  that  is  to  fay,  the  box  can  be 
fwung  by  its  tour  firings,  and  llie  globe  and  lruniptl.<  by  ihe 
firing  that  fufiains  Ihem  in  the  box.  The  globe  may  be  aboiit 
fen  inches  in  dumetcr.  In  all  thefe  dimenfions,  which  I  do 
not  fuppoff  lo  be  material,  I  fpeak  from  tlie  recoUeflion  of  fome 
weeks  ago. 

Minnet  in  In  ihe  exhibition,  (he  Invifiblc  Girl  is  fuppofed  or  pretended 

Si'.'fi^',;'"''"'"  i™'"-!"!  '•'  ""  *'«'=■  »»■' '!»  ">"»"r«lion  i.  held  by 
ippuitui.  fpeaking  inlonny  one  of  the  trumpets,  and   the  reply  comes 

out  of  Ihem;   (hat  i'^lo  fay,   it  is  mod  clearly  heard  by  applying 
Ihe  ear  lo  one  of  thdr  mouths.     The  voice  is  low,  as  if  con- 
veyed 
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^Vjti  from  a  diftance  through  a  lube,  hut  it  i«rery  didinft. 
Tlie  I»djr  converfes  in  feveral  languages,  fing',  defcribes  all 
ihat  happeni  in  the  runm,  anildirplayx  a  fundof  lively  wit  and 
acromplinitneiil,  that  admirably  (jualify  her  to  fupporl  the  cha- 
in Aet  (he  hat  undertaken. 

I  hope  to  mert  my  reader  hereafter  with  a  little  more  to  fay  Etptrlqitntof 
on  tite  nature  of  ifii*  evpcrimeiit.      At  prelent  I  can  only  oBerfounJ  eanv«yrf 
theconjedure  lh;it  ihe  Touml  is  conveyed  (hroiij;h  the  flfings, ,,j,f[„^ 
and  to  this  I  am  led  by  another  experimmt  of  the  celebraled 
■.  Moyes.     He  ftiewed  me,  that  il  one  end  of  a  packthread, 
or  even  femng  thread,  be  wrapped  round  the  linger,  and  thai 
finger  be  put  into  the  ear  (not  forcibly)  while  die  oiher  ear  u 
(topped,  and  at  the  fame  lirr.e  an  nlTiflanl  wraps  Ihe  other  end 
of  the  firing  touad  the  handle  of  a  tuning  fork,  and  (the  flting 
being  then  drawn  rather  lighl)  he  caufes  (he  fork  to  fount!,  Iiio 
low  lo  be  heard  by  himfelf  and  ihf  byflanders,  it  will  never- 
thelefi  be  very  audible  lo  him  who  holds  the  other  end  of  the 
ftriog.     We  tried  it  at  an  interval  of  fifty  fec(,  andtheDo£lor 
has  tried  it  at  upwards  of  three  hundred,  without  any  fenfibl* 
diminution  of  the  efTed.     I  wrapped  the  firing  round  my  wrift,  'J 

and  put  my  finger  in  my  ear,  and  found  the  erteft  vt-ry  nearly 
» llrang.     If  inftoad  of  the  tuning  fork  one  obferver  biles  hold  CantetficlDn 
cftlie  firing  between  hi^  fore  leeth,  while  the  other  applies  iLili«"'B'' »  ftr'^e' 
a«  beforetohise«r  bymean;of  his  finger,  the  voice  of  Ihe  for- 
mer may  be  tranfmillMl ;  but  it  i;  more  diHicuIt  lo  manage  this 
espcriDcnt  with  fuccefs  than  tiie  other. 


Jero^atic  £i/>iTjnif«/»  ijf  Gaknbrin.  I 

A  new  generation  has  fprung  up  lincc  Ihe  epoch  at  which  Reriril  of  KnC)'] 
Ait  Ballooni  conftituted  llie  ohjuct  of  afloniHiment  and  fpecu-'"''"'  J 

tstive  refearch  abont  twenty  years  ago.     They  who  remember  I 

lh«t  bnfy  perioil  as  if  it  wltc  yeftffrday,  muli  feel  a  little  fur-  I 

prixed  at  the  viciHiindea  of  homansJliiir*,  when  thev  find  hovr  1 

many  of  thole  who  are  noiv  inlirely  engaged  in  fociety,  were  \ 

then  (barcely  in  exifience  ;  and  how  few  have  fi«n  a  balloon.  *'| 

The-  rpefiacle  ©xhibilod  by  Mr.  Garnefin,  though  much  leTs  || 

impreOive  than  the  experiments  of  hi*  coiinlrym^m  to  whom 
this  inyenlion  li  dw,  in  all  their  novelty  and  originality  have 
rcvcrthelefi  b-;cn  received  willi   much   inlrreft.     The  readers  Gamerln  the 
(if  our  Journal  will  rccollefl  hitt!  as  t)ie  iirlt  aiJventurer  wholi.-'''.V"""  '    , 
mtrep;dity  eliaw.  1 
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t-Sowdtn.    Gardens.      After  the 
of  the  iiiotning,  the  wei 


intrepidity  and  fkill  *  enabled  him  to  delceDd  throngh  the  a(- 
mofphere  by  means  of  a  Parachute ;  and  thofe  who  extend 
their  refearcbes  lo  the  new  relatione  and  confcquenfcs  of  un- 
common experiments,  will  probably  confider  thefe  daring  at. 
tempts  a;  the  embryon  efforts  towards  iheart  of  Hyirg  j  which 
To  many  eminent  men  have  thought  within  the  reach  of  humai) 
power.  He  ha';  not,  however,  jel,  in  the  uncertain  climate 
of  our  ifland,  been  able  lo  gratify  us  wilh  the  fight  of  his  de- 

^Irte  voyss"  fcent  in  lliis  manner.  Three  aerial  voyages,  perfeaiy  refem- 
bling  ihofe  of  his  predccelTor?,  have  conRituted  the  whole  of 
what  he  has  yet  beco  enabled  lo  perform. 

n  the  2Slh  of  June  he  made  his  dtR  afcent  from  Ranelagh 
rifc  of  a  fine  day  by  the  indications 
erchanged.ondat  fivco'clofk,  when 
the  "diole  waf  in  reaciinefs,  (here  wa?  a  ftrong  wind  from  the 
foulh  well,  wilh  orcalional  Ihowcrs,  At  this  hour  Mr, 
Garnerin  and  CapL  Sowden  afcended,  and  proceeded  over 
St.  Jamci's  Park,  ihe  Thames,  and  Ihe  bridges  nf  Weftmin- 
(ter  and  Blarkfriart,  After  proceeding  over  the  me(TOpoli& 
they  threw  out  s  quantity  of  ballall,  and  afcended  lo  an  eleva- 
tion which  Mr.  Garnerin  efiimaies  at  upwards  of  10,000  feel 
above  ihc  fufface  of  ihe  earili,  or  nearlj  two  miles  perpendi- 
cular. At  the  expiration  of  about  half  an  hour  the  valve  wa* 
opened,  and  the  balloon  defrendcd  through  dark  clouds  which 
had  intercepted  their  view  of  lb'.-  earlh,  upon  fighl  of  which 
they  fonnd  ihenifelves  fpeedily  advancing  towards  the  fea. 
uooi  Imd-  On  accoimt  of  the  tempelluous  weather  their  landing  was  very 
dangerous  and  unplcafanl.  The  wind  dragged  (hem  over 
fields  and  hedgei,  which  lore  Iheir  hands  and  cloaths,  and 
when  (heir  anchor  had  engaged  itfelf  at  laO  in  a  thicket  near 
ahoufe,  the  inhabitants  were  fo  tar  from  allifting  ihem,  (bat 
they  even  appeared  difpofed  in  fire  upon  them.  For  want  of 
this  nccelTary  help  their  cable  broke,  and  (h«y  were  dragged 
forward  till  llie  balloon  was  fuBicienlly  lacerated  to  begin  to 
collapfe,  and  fufTeicd  them  to  jump  out. 

Capt.  Sowden  publiDicd  an  account  of  this  excurfion,  in 

L-«"i?J..^'^*^  which  he  relates  fome  lingular  obfervations,  confiderably  dif- 
fering from  ihofe  of  former  aeronauts.  He  affirms,  that  his 
Ijghlin  looking  down  was  fo  ftrong,  that  he  could  eafilydiltin- 


[  VpfD'atnim- 
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(u!lh  the  mlnutefl  objefls  on  the  earth.  In  tliis  vaft  Map,  tie 
could  nnt  only  trace  liie  dilTcrcnt  roadi  Rnd  inter  feci  ions,  but 
n  the  ruts  and  Turrow!  in  llie  Odd.  His  heartn);  became 
likewife  rurprifiogly  acute,  Tlie  rallling  of  the  carriages  on 
the  roods,  the  lowing  of  cattle,  and  llie  acclamations  of  the 
populace,  wero  diftin^ly  heard  at  l)ic  height  of  fi^cen  thou- 
fend  ieet ;  though  at  the  lame  time  llie  travellers  could  fcarcely 
bear  themfelvei  fpeak.  He  is  perfuaded  that  a  perlon  willi  a 
Arong  voice  and  a  fpeaklng  trumpet,  might  he  perfe^lly  un- 
derllood  from  the  earth  at  that  elevation  in  the  air.  Inflead 
of  finding  the  climate  colder  as  he  afccnded,  he  obferved  the  I 

contrary. 

The  place  of  their  defccnt  wni  on  a  common  four  miles  be- Aceouniofitdr 
jond  Colchefler  and  fixty  milts  from  Kannlagh,  and  the  tiine  (.^||.'|^5ft^'  "^jf^t 
from  their  departure  was   three  quarters  of  an  hour;  confe- ttaielling »i  tbe 

:nlty  they  tiarellcd  at  the  rate  of  eighty  miles  an  hour. '^'^*^'"™'" 
They  were  very  hofpitably  received  ty  Mr.  Kinglbery,  a  free- 
holdei'  of  the  county,  who  imagined  their  vilit  to  be  on  account 
of  the  parltameiiiary  eleflion,  in  which  he  had  determined  not 

interfere.  By  his  very  friendly  Itrvices  they  were  rufreihed 
ynd  proceeded  to  Colchelter,  whence  Lheji  returned  to  London 
on  the  tullowing  day, 

Thefecond  voyage  was  made  on  the  fifth  of  July,  from  Second  Toyige, 
Lord's  cricket  ground,  neat  PaddingLon,     The  very  un favour.  J"'''  S'  '*°*" 

i  weather  rendered  ht&  afcent  cnvich  \t:k  llriking  than  it 
night  elfe  have  been.  Thoulands  of  individuals  tilled  the 
furriunding  fields  for  fome  hours  before  the  afceiil,  amidTt  rain 
Heady  incelliuil,  and  acontinual  haze.  The  balloon  rofe  with 
Mr.  Garnerin,  accompanied  by  Mr.  Locker,  at  ten  minutes  be- 
fore five  in  the  evening,  and  in  four  minutes  hfterwards  It  was 
loA  in  the  maf*  of  clouds.  At  tlie  end  of  the  filih  minute  ihey 
began  lo  dcfcend,  and  landed  at  Chingford  in  Eflev,  after 
having  remained  in  the  air  for  one  quarter  of  an  hour.  The 
noR  remarkable  obfervation  in  Mr.  Locker's  account  is,  that 
Beithei  himfeU*  nor  Mr.  Garnerin  could  difiinguifh  found* 
above  tlie  elevation  of  3  or  4,000  feet . 

On  the  SOth  ti>llawing  a  balloon  was  let  up  from  Vauxhall  PyroRchnie  InU 
gardens  in  the  night,  having  an  extenlive  fyftem  of  fire  works       '  J"''  **" 
■Ilached  to  it,  lo  be  dili^iarged  by  means  of  a  fuze,  at  a  great 
height  in  the  air  previout  to  the  explufioit  of  the  balloon  ilfelf. 
4  Thii 
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Objcfit  of  a 
ici^  college. 


This  vnhibltion,  which  does  not  require  any  general  philofo- 
phical  esplanalion,  was  attended  with  llio  raoft  conuplcti:  fuc- 
cefs  and  had  a  very  ftriklng  effca. 
The  laft  voyage  was  made  tVom  Vauxhall  Garden?  by 
'"  Mr.  Garnerin.  accomjxinicd  by  Mr^.  Garneriii  and  Mr. 
Glasrurd,  unTucfday,  th<!  SdoF  Augafr,  al  a  quarter  paft  fevcn 
in  ihe  evening.  The  day  wds  calm  and  ferene,  and  Mr. 
Garnerin  made  the  ofier  of  dellendiiig  by  die  parachute,  w!iic!i 
he  fayi  in  hii  letter  was  rejeflcdj  but  not  by  whom.  Circum- 
flances  were  highly  favourable  to  the  profpeft.  The  iravelleri 
pafled  flowly  over  the  metropolis  in  bright  fun-fl>ine,  at  an  de- 
valion  which  permitted  tliem  to  bi:  cUltinflly  feen  by  a  good 
perfpeciive  magnifying  about  30  tiniei,  and  for  the  moft  part 
they  were  much  more  clearly  feen.  A  cat  attached  to  a  para- 
chute WAS  let  fall  from  an  height  ofaboui  COO  feet.  It  dcfcend- 
cd  fwiHly  at  firft,  till  the  parachute  was  fairly  expsindcd,  and 
then  t-amedown  flowly  and  with  fafety.  They  landed  near 
Hampltead,  about  two  miles  north  of  the  tbirta  of  the  town. 
if.  Not  w  1th  If  and  in  g  the  very  ample  difcuffion  the  fubjett  of 
"  aeroftation  has  had  at  Ihc  period  of  its  invention,  I  apprehend 
Ihnt  my  readers  will  not  be  dil'plealed  to  fee  an  outline  ofwhat 
relates  to  it,  with  an  iti-quiry  into  tiie  proliab  ill  tics  of  its  be- 
coming of  any  extended  degree  of  ulilily;  and  this  1  purpofe 
to  do  in  (wr  nest. 

Cmnmcrcial  Catlegt  at  llaU. 
Dr.  J,  Aiderfon  of  Hull,  has  given  out  propofals  for  efta- 
blilhing  a  college  in  that  town,  for  purpofes  highly  intereftlng 
to  that  commercial  inlcrcourfe  which  has  in  fo  many  refpefls 
extended  tlie  powers  and  enjoyments  of  the  civilized  focieties 
of  modern  times,  and  is  (o  intimately  connefjed  with  the  im- 
provement of  Ihe  intclle^ual  and  moral  habits  of  man.  Ho 
ftates  as  the  ol^eCls  of  the  efiablilhment,  1^,  To  obtain  for  tlic 
1  of  biifinefs  precife  information  on  the  nature  and  valvic  of 
every  article  of  commerce,  whether  crude  or  manufaflured  ; 
2rf,  To  point  out  Ihc  coiiiilry  where  fuch  articles  ate  befi  to  be 
procured;  %d.  To  render  him  acquainted  with  the  various 
procelTes  by  which  tliey  are  rendered  marketable ;  and,  4(A, 
To  inAnid  him  in  the  ]anguage<i  of  the  different  countries  la 
whicli  the  objefls  of  commercial  int^rrourle  njay  lead  him. 

The 


SCrSNTIFIC    MEWe. 

The  plan  is  10  form  a  mureiim,  and  to  crtft  a  bmUiiiig  for  Pk 
1W  ■cmmnioiUlion  of  Ptoleiriirs,  and  llie  rccepliun  and dilplajr 
ol  rpecimensof  raw  materials  and  mu  nil  lac)  u  red  articlet.  One 
Prcfdror  lo  be  engaged  Lo  tcatli  ihe  ftmlliem  languages,  an- 
other the  northern,  arid  a  iliird  t'l  have  the  careofllie  miireum 
■tul  tbc  nificc  of  explaining  whatever  relates  to  the  fpccimeni 
under  hit  care.  The  eliimate  for  the  building  and  fpecimen';, 
lo  be  nuTed  b^  Tublcription,  is  2,5001, ;  and  il  is  propofud  lliat 
llio  corporations  tliould  endow  the  Proreltura  with  jol.  per  an- 
num each. 

The  Doftor,  wim  fiands  in  the  honourable  niualton  ofpro-  It' 
poferof  aiteflablilhment  fonianifertly  ufeful,  difclainn  the  no-*'' 
tion  of  tjiis  being  a  charitable  infiitution;  but  conlidcn  i(  ai 
ihe  private  interelt  of  every  fubfcriber.  "  As  tiie  lather  of  a 
large  iatnilj,"  he  obfcrves,  "  i  certainly  fhoiild  not  IhJnk  my- 
felf  at  hTjeriy  lo  fiibfcribe  fifty  pounds  merely  for  [he  perlbnal 
pleafure  that  refulls  from  Ihe  conlem  plalion  of  a  dmritablc  ar- 
lion;  but  in  fubfcriblng  fidy  pounds  t'l  the  above  iidiiluiion,  I  ' 
conlidef  my  inlere/l  and  On;  wi-llWe  uf  my  family.  1  am  con- 
TinceO  it  wi]l  add  to  the  iveallh  and  imporlunce  of  the  town ; 
and  in  both  of  iheTe  1  am  deeply  inU'refied:  but  the  greatdl 
juteittll  1  have,  in  in  the  l^ciiily  it  will  give  to  (lie  ediitatiun  of 
my  children.  In  a  toaimertial  country  and  a  fea-port  town, 
liK  scquifitioii'  of  knowledge  tliat  evidently  leads  to  tlie  im- 
piovcmcnl  of  trade,  becomes  an  objeS  of  the  firll  mompnt  in 
llie  cdueatjon  of  youth  j  and  the  mode  now  prfijiofed  offers  ad- 
ranlagcs  whlcli  no  private  fchool  can  poflefs.  To  bring  loge- 
tlier  under  llie  unmediale  oblervalion  of  youth  (while  yet  the 
memory  is  roofl  tetenlive),  perfccl  fpecimens  of  the  dirferent 
uticles  of  commerce,  both  of  llie  raw  malctial  and  of  the  ma- 
fiufaClured,  will  enable  him  to  bear  in  mind  the  prerife  value  oi 
»ny  article  he  may  be  called  upon  to  appreciate  ;  To  point  out 
the  country  where  every  article  i;  Jiril  procured  or  manuiuC' 
tured,  will  qualify  him  to  go  to  ihe  cheapcfl  market,  and  by 
teaching  biro  the  language  of  fuch  country,  he  will  be  at  oil 
timet  capable  of  tranfafling  h'n  otvn  concerns  without  the  in- 
tervention of  interpreters,  ofleo  a  very  I'erieus  Iburce  of  impo- 

It  will  no  doubt  be  of  great  adi'anlage  to  the  town  of  Hull, 
that  this  plan  Ihould  meet  with  fupport,  and  to  the  community 
St  large,  that  it  (liould  be  f«>llowed  in  other  placet. 
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sciEKTiric  Ifewi. 

JSjifimitfChaidpyinFourVoluma.    By  Thomas  Thomsoh, 

M,  D.  LtSarcr  an  ChemiHi-y  in  Edinhurgh. 
■  This  work  of  Dr.  Thomfon  (wlio  U  wdl  known  lo  ilie  pub- 
lic by  his  excellent  notes  on  an  edition  of  Fourcroj-'sdiemiflty 
in  three  volumes,  as  wel!  as  by  feveral  imporiiint  memoirs  in 
our  Joi.imaI,  and  oltier  produflions)  is  intended  (o  exhibit  a 
detail  of  the  vafl  number  of  fafli  which  conHilule  the  fcience 
ofchemifJry,  blended  with  ihe  hiHory  of  their  gradual  duve- 
lopemeiit  and  of  the  theories  which  have  been  founded  on 
them,  and  accompaniL-d  with  oxafl  references  to  the  original 
ivorki  in  which  Ihe  difti^rent  difcoveric!  have  been  regillcred. 
His  plan  or  order  of  arrangement  will  be  befi  feen  by  enu- 
merating the  contents. 

After  a  Ihort  iiilroduflion,  it  is  divided  into  parts,  book', 
chapters,  and  feflions.  Part  firft  relates  to  the  principles  of 
vhemiflry.  Simple  fubftances,  viz.  oxigeii;  fimplc  combuf- 
tibles,  viz.  fulphur,  phofphonis,  carbon,  hidrogen,  azote : 
Metals,  22. — Light ;  caloric ;  general  obfervation*. — Com- 
pound fubfiancca.  Primary:  Alkalis;  earths,  10;  oxides; 
acids.  Secondary:  Glafsj  falls,  hidro-fulphurets,  foaps. — Of 
uRinity. — Examlnulion  of  nature.  Of  llie  almofpherc ;  of 
water;  of  minerals;  of  vegetables  ;  of  animals. 

To  enter  into  a  detail  of  the  numerous  inlerefting  and  highly 
valuable  faf)':  and  ftatements  which  abound  under  the  heads 
above  enumerated,  would  be  impra^icable  in  the  fhort  limits 
of  a  notice.  I  muft  therefore  content  myfelf  with  obferving, 
that  it  is  a  clear,  comprehcnfive,  and  accurate  fyllem,  in  which 
the  learner  ivill  be  orderly  led  from  one  truth  to  another,  and 
[he  man  of  information  will  with  eafe  find  the  compendium 
and  references  he  may  want;  that  it  is  beautifully  and  clofely 
printed  on  fine  paper,  wiih  fide  notes;  and  upon  the  whole 
muft  prove  a  defirable  acquifition  to  our  Hock  of  means  for  the 
advancement  of  chemical  knowledge. 

Death  <ifT  BO  it '.s  Garnet,  M.  D.  latePrqfeffor  n/ClumiJlry 
and  Natural  Pliilvfopliy  at  the  Royal  infiilulion,  tfc.  ifc. 
On  the  23lii  of  June  lafl  died  of  a  typhous  fever,  caught  in 
[be  gtaliiilous  cxercife  of  his  profefEon,  Dr.  Thomas  Garnet, 
a  man  who,  for  his  philofophiral  knowledge,  his  a&iduous 
«xe[liuiis  in  diffufing  infunnUion  by  his  ledures,  and  his 
amiabln 


nniableand  utialTutning  difpofiiion  in  fociely,  wii!  be  long 
regretted  by  the  world,  and  by  his  Iriends  in  particular.  He  Some  h 
ivasaniiive  of  Weflraoreland.'and  after  a  regular  educalron, '^'''^'■ 
ftudied  phyfic  at  Edinburgh,  wliich  he  afterwards  praflifed 
at  Harrowgate.  Subfe(|iient  to  Ihrs  period,  he  commenced 
s  courfe  of  le£lures  on  chemiftrj  and  eyperimenul  philofuphji 
at  Liverpool,  which  he  repeated  at  Mancherter  with  fuch 
fuceefs,  that  when  a  vacancy  offered  in  Anderion's  Iiiftilu- 
lion  at  GlafgDW,  he  bi^cBme  a  cand  idale  Tor  the  appointment, 
And  obtained  it.  In  this  Tiiuation  he  acquired  fo  high  reputa- 
tion, that  he  was  applied  to  by"  the  Managers  of  the  Royal 
Inflitution  to  be  the  lirfl  Lefturer  in  that  eilabliftiment,   which 

»unrolicited  honour  he  accepted,  and  delivered  a  very  extenfive 
and  truly  laborious  courfe  of  lectures  during  the  commencing 
leffion  of  that  corporate  body,  which  were  Ibllowed  by  the  Rrlt 
ranki  in  audiences  fo  crowded,  as  perhaps  were  never  beton; 
witnelTed  on  a  fmiilar  octalion. 

Before  he  c|uilted  Harrowgtilehe  married  a  M if*  Cleveland, 
nhofe  talenit  and  accompli Ihtncntt  were  peculiarly  adapted  to 
hit  own.  With  ihi?  amiable  friend  and  partner  of  his  fortunes 
he  palTeda  few  Ihort  }eBri  happily,  and  became  the  father  of 
liro  daiigliters.  Hut  ihe  birth  of  the  latter  infant  was  ^lal  to 
her  mother.  It  was  foon  after  this  event,  and  during  the 
early  esertion  of  his  fortitude  under  fo  great  an  affliflion,  that 
be  became  attached  to  the  Royal  Inditutlon.  His  conflant  at- 
tention to  his  numerous  occupations,  fuppoited  by  the  hope  of 
fecuringan  independence  for  himfelf  and  the  orphan  reprefen- 
tatives  of  tlieir  regretted  parent,  afforded  the  mod  rational 
means  of  confolation.  But  the  energies  of  the  mtnd  cannot 
fupport  the  phylical  llruclure  under  accumulated  labours,  anx- 
ious retleflionj,  and  the  folitary  privation  of  that  domefiit  fo- 
dety  which  choice  and  liabtt  had  rendered  dear  to  the  human 
heart.  His  heallii  became  impaired,  but  his  determination  to 
proceed,  continued  in  all  its  vigor.  He  took  an  houfe  in 
Maryborough  ftreel,  increafed  his  fiock  of  apparatus,  com- 
pleted a  lecture  room,  and  hi;  clalTifs  became  highly  tefpeft- 
able  under  iiim  as  the  ledurer  on  his  own  private  account.  At 
thii  pariod  it  was,  when  he  had  applied  the  whole  of  his  means 

I  and  the  ulmofl  ftretcli  of  his  powers  to  the  well  grounded  plan 
of  ellabliihing  himfelf  in  the  ufefd  and  honourable  profeilio(i 


^ 
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he  had  adbpKtd ;  alibis  period  it  was  th«t  death  terminated  s9 
•f  a,.  Guott.    jiis  iiopei,  and  left  his  iDfuiU  too  young  lo  feel  the  poflibla 
e:Ltciit  or  tlieir  misfortune !      - 

I   have  faid   llie  priffibCi:,  and  not  the  proliabk  esfeirt  of  " 

their  misfortune.     He  hiiiifelf  in  ilie  lalell  momenl:^  of  lib 

life  mufl  have   known — nay  be  did  know — that  the  public 

)x  bad  endeavoured  la  ferve  and  (o  inllruft,  huve  ever  been 

e  to  cafe&  mud)  lefi  po«erful!j  claimant  on  ilit-ir  fci^lings, 

Ibeirgenerofjt)',  and  llieir  jiidictJ,     Thefe  cliiiilrtn  rannoi  be 

'   fbcrokenby  Ihe  nutncrou-s  and  ai^uent  individuaU  whocrieemed 

I   bh  oirtnes  and  revered  his  lalL>nl».     When  it  fli.ill  be  known 

'  ttat  his  Lectures  on  Zoonoinia  ate  to  be  publillied  by  a  fub- 

itriptjion  deftined  to  the  purpufenf  aiTording  ibera  an  hutobie, ' 

,    tut  independont  fiipporl,  Ihey  will. moftafiuredly  find  the  lols 

i  «f  their  parem  fupplicd  in  ibis  refpefl,  by  that  ready  benevo- 

t'Jence  which  is  fo  petulijrly  cliarafleiiliic  of  our  counlry.     It 

•^js  intended  lo  addrirfs  the  Public  at  the  fcafon  wlien  ihe  lowrt 

'   J^ls;  bat  in  the  mean  lime  the  Royal  Inaitution  havei>eimit- 

led  the  work  lo  be  piintcd  at  their  prefs,  and  have  ordered  a 

^pnation.  worthy  of  the   I'piiil  and  liberality  of  their  vieiv!. 

Sevecal  gentleii^en  have  alfi>  fubfcribed,  and  1  am  authorized 

{M  ^Ture  the  frii.-nd'-  of  tlu«  laudable  undertakin|j,  that  lublcrip- 

ti^ns  are  received  at  the  houfe  of  lUc  Ko)ai  lufcilution.     t 

fiiall  myfelf  be  very  happv  lu  aiford  any  farther  information  la 

fnq^uiivrs. 


't  the  goodfiefi  lo  point  out  the  Vo!un 
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NATURAL  PHILOSOPHY.  CHEMISTRY, 


THE     ARTS. 


OCTOBER,    ia02. 


ARTICLE     I. 
Obfervatitmt  vpmt  Joint  remarkdtle  ffc/fe  nror  /A«r  Sea  Coaj 
Brighthdmfiont,    and  other   Placer   coiUiguout.     By  tht  I 
W.  PeAinoN,  P.  R.  I.    From  tht  Author. 

In  Ftther's  "  Dcrcription  of  Brig  til  helm  II  one,  and  tlie  adja-Thi«Ui  neii 
cent  country,"  [p.  38,  fourth  edition)  it  is  faid  that  "  twifrr  is""*^^*'^'^ 
procured  at  Brighton  rrom  wells  of  conAderable  depih,  and  empty  (tbi|h 
being  filtered  through  chalk,  of  which  Ihefe  parts  are  oneim-"»*''  "^  ^^ 
menfe  rock,  it  i»  of  courfe  perfeflly  cleared  of  every  fpecies  ' 

of  fbulnefs.  The  following  phenomenon  is  obfervable  in  fe- 
veral  of  ihefe  wells  ;  at  tht  time  qf  high  water  they  are  empty, 
and  01  hw  viater  they  arc  full:"  likewife  under  the  article  Rot-  u  Rocdntilua. 
ItHgdean  of  the  fame  pamphlet  we  read,  "  On  the  road  to 
Newhaven,  at  the  difiaiice  of  near  four  mile*  from  Brigbt- 
helmAone,  lies  the  pleafanl  and  delightful  vjllagi;  of  RotlJng- 
dean.  This  place  is  remarkable  for  its  wells,  which  ure  nearly 
empty  at  high  water,  but  uhich  nje  as  the  tide  declines.  Thsfe 
aOeitions  appeared  on  perubl  fo  (ingulf,  thaL  I  formed  a  de> 
lerminalion  of  availing  royfell  of  the  opportunity  which  a  tenw 
porary  vlfil  to  this  fafliionable  bathing  place  gave  me  in  Uw 
month  of  July  lafl,  of  examining  liow  lar  the  fialements  in 
t]uellion  are  accurate;  accordingly'  1  obtained  a  plumb  linCj 
Vol.  III.— October,  [302.  F  and 
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and  meafurcd  the  depths  of  ihe/urfacc  and  bottom  rcfpcfllirely 
of  feveral  wcUs  in  ditferent  weeks,  and  at  diflerent  hours  of 
the  tide  ;  llie  refult  of  wiiicli  mcariiremfiiti  lumud  out  lo  be  a 
convincing  proof  that  this  Iraditionary  report,  though  partially 
founded  in  t'a£l,  lias  been  groally  exaggeralcd ;  but  wlielhor 
or  not  for  the  piirpofe  of  entertaining  the  vifitors  of  this  place, 
it  would  be  ptcfiirapEuous  to  determine.  At  the  time,  how- 
ever of  my  vifii,  it  wa*  not  my  Jnlcnlion  to  lay  before  the  phi- 
lofophicA!  reader  any  obfervations  which  were  made,  but 
[uerdy  lo  regiRcr  ihcm  bj  way  of  private  amufement ;  which 
intention  vk'uuliL  have  been  adhered  lo,  had  1  not  met  with  a 
paragrapli  in  the  Gcncraf  Evening  Port  of  Tiiefday,  Aug.  2+, 
1802,  of  which  the  annexed  is  an  exafl  copy. — "  Rottiiig- 
dcBn,  four  mile!i  from  Brighton,  on  the  road  to  Newhaven,  h 
remarkable  for  the  lii^gular  variation  of  its  weils,  ntiidi  rife  ai 
the  tide  dcclinri,  and  arc  nearly  etiiply  at  kigk  auler !  The  re- 
fearches  of  philolophy  have  not  as  yet  been  able  lo  affix  (he 
caufe  of  this  apparent  conlradiciion  in  the  coiirfe  of  nature." 
Thii  altempi  to  cxtite  a  more  general  ailonilhincnt  than  was 
excited  by  the  Brightlielmltone  guide  alone,  and  confequently 
to  call  Ihe  attention  of  tlie  philofopher  tp  invclligate  the  fub- 
jcct  belbrc  us,  iias  induced  mc  to  recur  to  my  notes  and  to 
tranfmit  for  your  Journal  the  deduilions  I  had  made  from  them, 
\n  order  lo  Hiow  that  there  i?  no  nppartnt  conlradi&imt  in  the 
phenomenon,  as  it  ha<;  been  called,  of  tlie  Brighton  Welts. 
The  South  Downs,  which  conllilule  a  ridge  of  high  ground 
'  lo  the  north  of  Brighton,  tlic  fummit  of  which  is  parallel  to 
Hoping  tawudi  iJie  fea  coaA,  have  their  gradual  Dope  inclining  lowardi  Iho 
BiighicMij  feaorfouth  fide,  and  Uie  declivity,  which  approaches  more  to 

a  perpendicular  line,  facing  the  level  country  on  the  north  j 
and  Ihe  dip  of  the  flratum  of  chalk,  and  confequently  of  iti 
impermeable  bed,  is  in  a  dircdion  from  the  fummit  lo  the  fea^ 
in  which  tht  or  from  north  lo  foulh  i   liie  rain  therefore  which  falls  upon 
Ihefc  Downs  may  be  expc^ed  to  run  down  tlie  bed  of  the 
rocks  until  it  arrives  at  their  lower  extremity,  where,  if  it 
meet  with  any  oppoCng  clay,  or  other  Impermeable  fubftance, 
it  will  collea  into  a  body  of  water,  and,  as  it  colleas,  nf« 
through  the  crevices  of  the  rock  and  fu  per  incumbent  perme- 
ipableearlh,  till  it  (liews  ilfelf  in  the  form  of  fprings.     This  rea- 
'"  foning,  if  my  recolleflion  be  perfefl,  is  agreeable  to  the  theory 
of  Mr.  Pilkinglun,    whofe  fucccfi  in  draining  and  lapping 
fpringj 
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Iprings  is  now  pretty  generally  known ;  and  in  conformity  to 

it  I  was  led  to  (earch  in  the  firfl  place  for  the  lower  extremity 

of  the  rock,  which  I  found  was  upon  Oicjhore,  near  the  f^pa* 

ration  between  the  rounded  ilones  and  fand,  at  from  thirty  to 

forty  yards  by  eflimation  below  the  bank.     Here,  as  I  had  which  mdee 

previoufly  fuppofed,  I  found  the  frclh  water  continue  to  fpring  ^j^^  {eTrt  Ae 

or  gu(b  out  conflantly  in  a  line  extending  parallel  to  the  bank^diftanceof  thirt] 

both  to  the  caft  and  weft  of  Brighton  as  far  as  I  examined.  ^,^^/hJ^^. 

In  this  line  then  are  fituated  the  tiatural ^fprings  of  the  place,  water  bank* 

which,  if  the  fea  were  remote,  would  be  not  only  perennial, 

but  probably  would  emit  an  equal  *  quantity  of  water  at  all 

times;  but  in  every  tide  the  fea  covers  this  line  of  natural Thefefpringi 

fprings,  from  three  to  fix  feet  we  will  fuppofe,  according  toJ{^^e![^, 

the  ftate  of  the  moon,  wind,  &c.  fo  that  tlie  frefli  water  is  tides 

prevented  from  making  its  efcape  by  the  heavier  fuperincuro« 

bent  fait  water  of  the  fea,  the  confequence  of  which  is,  that, 

from  the  time  the  fait  water  covers  this  line,  the  frc(h  water  and  conieqllcn^ 

begins  to  accumulate  in  the  bed  of  the  rock  and  inclined  rock  ?[  rj*  .^^^ 
.  water  it  pre- 

itfalf,  as  high  at  leaft  as  the  furface  of  the  tide.     During  the  Tented  fnm 

time  therefore  that  the  tide  continues  above  this  line,  the  frefti  *<>«»*"*l  <*own| 

water  is  pent  up  in  the  rock  at  a  diftance  fufficiently  remote 

from  the  fea,  to  exhibit  a  perceptible  rife  in  the  artificial  wells  nd  the  wetb 

fouthward  of  the  bank,  which  are  dug  down  into  the  bottom  °***""*^  tuwfj 

of  the  rock.     That  this  (liould  be  the  cafe  to  a  certain  extent 

it  was  natural  to  expc6l,  but  ivhat  period  of  time  Jhouldelapje  not  ztbigkws* 

between  the  inftant  of  the  tide's  arriving  at  the  line  of  the  na-  ^'^  ^"^  ^'^^ 

tural  fprings,  and  the  inftant  of  a  perceptible  rife  commencing 

in  the  artificial  wells,  at  fomc  diftance  from  that  line,  can  only 

be  afccrtained  bv  adual  obfcrvation,  for  both  the  diftance  of 

the  wells,  and  number  as  well  as  capacity  of  the  fmall  natural 

du6ls  that  convey  the  water  muft  be  taken  into  the  confidera* 

tion,  if  an  attempt  were  made  to  inftitute  a  calculation,  and  I 

confefs  my  memoranda  are  rather  deficient  in  this  refpeft; 

my  attention  having  been  direded  more  particularly  to  afccr-  Obfemtlo&i  ti 

tain  the  ftatesof  the  tide  when  the  wells  were  at  the  two  ex- ^^  the  faAt. 

tremcs  of  riling  and  falling,  which  times  are  erroneoufly  af- 

ferted  to  be  about  fix  hours  from  being  contemporary  with  the 

^  The  reafon  for  this  fuppofition  is,  that  the  quantity  of  inclined 
furface  is  very  coniiderable,  and  is  alfo  contigtious  to  the  fea,  where 
ihowers  are  frequent*— W.  P. 

F  2  influx 


f  "    .„....,......„.,. 

^^k  influx  and  efflux  of  the  lide.     The  two  wells,  which  were 

^^1  moil  convenient  for  exam inal ion,  were,  one  immediately  be- 

^B  hind  Filher')!  library,  and  another  in  a  Hide  office  at  a  fmall 

^P  public  houfe  called  ihe  Dolphin,  near  the  Toot  or  Eali-dteel, 

^K*  which  tlie  iilheriiien  ufc  for  procuring  water  for  tanning  Iheic 

B  "<^ts  i  which  (wo  were  neatly  etiuall)'  dillant  from  the  bank, 

and  fiibjefi  to  the  fame  allernalions  ofrifing  and  falling. 
Oeduaioni.  Th^  deduftions  which  were  made  from  a  variety  of  mea- 

furcmeiil*  were  as  follow  : 

fUl'lIft'dllllB"  ^  ■     ^^^  '*'*"'  "^  ""*"  '^"^'^  "''*''    "  ■'^'^  "'*'^"  ^^^  *'^^  ■*  '** 

the  ebb.  liring  from  the  Viae  of  the  natural  fprings ;  evidently  becaufe 

the  accumulation  of  frelh  water  continues  ai  long  as  the  fait 

water  is  above  the  laid  line. 

The  fpn^  lie       2.  The  whole  continuance  of  the  tide  above  the  line  of  llic 

tiuursiijthefBii'^P'''"?''  Of  time  of  filling,  appears  on  an  average  about  four 

'hours. 
iw^ow"""*        3.  The  whole  time  of  emptying  feemstobe  about  fix  hours. 
ADullowwcll        *-  Thewellatthe  Doiphinis  about  three  hours  quiteempty 
becomK  i)"!"     in  every  tide,  but  the  other,  which  is  deeper,  is  never  quite 

tmpiy :  i  deeper 

D«f'.       ^^  empty. 

Panlcgian,  i.  At  two  hours  after  high  water  (Ml  the  ISthofJuly,  viz, 

•'"  '""'*''•      one  day  and  a  half  after  full  moon,  the  water  in  the  well  at 

I  the  Dolphin  was  two  yards  deep. 

li.  The  liHiermen  who  ufi:d  ihe  well  at  the  Dolphin,  in- 
formed me  that  lliey  knew  very  v:eU  that  the  water  in  the  welli 
rofc  to  the  grcateA  height  at  tuv  hours  al'icr  high  water,  and 
were  nt  the  lowell  Ivm  hniin  after  low  water,  which  infor- 
mation accords  with  my  obfervations. 
niew.itrfr(ili.      7.  The  water  always  tafled  frefh  and  plea&nt. 
A  remote  well        8.  A  well  about  170  yards  more  remote  from  the  feo  than 
ftutelj  v»ri«.    |j,g,  pj-  (i,g  Dolphin,  in  a  direflion  towards  the  market,  never 
varied  more  than  three  inches  and  a  half  in  deplh  at  the  dif- 
ferent times  of  obfervation. 
Why  the  deeper      9.   The  well  near  Fiflier's  is  eight  yards  and  30  inches  deep, 
wtii  tukU  iu      which  deplh  u  probably  below  the  line  of  the  natural  fprings, 
and  therefore  it  contains  water  at  all  times;  but  the  other  ii 
not  fo  deep,  and  therefore  lofes  all  its  water  every  tide. 
Theeffeflhii        From  tliffe  deduflions  it  will,  I  prefume,  appear  evident 
«a'  ''ftit'-j°Vd  "*"  ""'y  '''^''  ^^^  accounts  which  have  been  circulated  refpefl- 
Mco anted  for,      itig  the  wells  at   Brighton,   Rolting<lean,  and   other  villages 
contiguous  to  the  Sulfex  coofl,  are  erroneous,  but  a'fo  that  a 
falisfaftory 


I 


i  fiitisladory  reafon  may  be  given  for  their  reci]irocatitin,  which> 
though  not  contemporary  with  the  eblAng  and  flowing  of  the 
lide,  is  yet  To  l^r  dependent  upon  it,  as  to  fallow  it  at  an  in-  it  nt'inhitt  « 
lerval  of  two  hours,  but  in  fuih  a  way  thai  iht  immediate  in-  V""}""'^'^ 
Jlurmx  of  the  lide  upon  it  only  ialis  about  tour  hours  out  oi  the  f„n,  witu  by 
twelve,  noiwi I h (landing  tiie  efiefl  produced  in  that  time  f^  f.'?' '^'f '  . 
quires  iieitrly  fix  more  to  put  the  welk  into  their  original  dale  j,.^, .  „j  |,„ 
of  racuity  or  reft.  '"  'h"  'ont" 

LaHly,  the  fame  reafoning  which  accounts  for  the  alternate  j^  ^^^  i,r  lin 
riling  and  falling  of  the  water  in  the  artilicial  wells,  makes  it  fl"»'«4  down  i 
more  than  probable,  that  if  the  line  of  the  natural  fprings  had  ^^'j^  hitUlt 
been  below  the  low-waler   mart,  the  artificial  wells  would  tide,  the  flream 
have  been  rot  only  required  to  be  deeper,  but  would  have  """'^  tmij* 
been  mvatiable  in  quantity  ;  alfo,  that  if  the  faid  line  had  bi^en 
above  high-water  mark,  it  would  have  been  in  vain  to  have 
dug  for  water  into  the  rock  above,   whilft  there  continued  a 
natural  ilTue  below :  and  fliouM  it  be  afked,  why  the  water 
that  has  an  immediate  communication  occalionally  with  the  Tea 
jet  continues /re/A,  the  fame  anfwer  may  be  given  that  will 
apply  in  the  cafeof  frefh  water  being  driven  back  to  Chelfea 
and  Putney  at  every  fuccellive  tide  that  enters  the  mouth  ol' 
the  Thamei. 
Parfan-i  Gnxn,  Aug.  29 ,   1802. 


On  Ike  Theory  <^  ddrjud/m.     By  John  Bostock,  M.  D. 
From  the  Aviltor, 

A,  HE  following  Paper  contains  Tome  remarks  upon  the  elec-  di^vutm  n 
(rical  pile  of  Volla,  principally  made  with  a  view  to  illufirate  !i' f  ""' 
and  conhmi  the  theory  of  its  action,  which  I  propofed  in  my 

former  communication. 

I,  With  refpefl  to  the  nature  of  the  agent  producing  the 
phenomena  of  galvanifm,  there  can  fcarcely  remain  any  rea- 
fonable  doubt  of  its  perfeft  identity  with  the  eledric  fluid. 
The  apparent  dillimilarity  in  the  effefls  of  an  cleflrical  ma- 
chine and  a  galvanic  pile  has  been  fuiliciently  accounted  for. 
writhoul  fuppofing  any  thing  efientially  different  in  their  nature, 
a^d  we  feem  enabled  by  proper  maDagement  lo  produce  from 
«ilher 
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either  apparatus  at  pleaforc  every  eifeft  of  galvanism  RnQfy 
\^t^tTia  '''•*^"*^'  •"■  ofelearicily.  There  appears  however  lo  bea 
great  difference  in  their  mode  of  aflion  ;  in  the  pile  the  flaid 
is  aflually  generated,  whereas  in  the  machine  it  is  merely 
transferred  frora  one  body,  where  it  prcvioufly  exifted  in  a 
difengaged  liale,  to  another  body.  In  fupport  of  this  polilion 
it  may  be  altedged,  that  the  energy  of  the  pile  is  found  to  be 
materially  increafed  by  being  infulated,  whereas  in  the  com- 
mon machine  it  is  impoiTible  to  produce  any  coniiderable  do> 
gree  of  excitement  *,  unjefs  there  be  a  communication  formed 
by  aconduftnr  between  the  rubber  and  the  furface  of  the  earth. 
Dr.  W'oollafion,  who  has  thrown  fo  much  light  upon  this  fub- 
jccl,  fccms  to  have  carried  too  far  the  analogy  between  the 
methods  of  exciting  the  eleclric  fluid,  when  he  confiders  the 
">•  oxidation  of  the  amalgam  on  the  culhion,  as  more  than  a  fc< 

!«)»,  ind'h*"'^**"'''"')'  ""**=  in  the  operation  of  the  cleflfical  machine.     By 

ciedcic  niiehine  confiderlng  the  pile  as  a  generatii^,  and  the  other  as  only  a 
colleRing  apparatus,  we  may  alii gn  a  probable  .caufe  for  tlio 
vivid  fparks,  the  bright  llathes,  and  the  more  confidi:rablc 
marks  of  excitement  which  are  exhibited  by  the  common  ma- 
chine ;  in  this  latter  cafe  a  quantity  of  eleflric  fluid  derived 
from  the  neighbouring  bodies,  is  ai  it  were  forcibly  detatned 
in  the  apparalu',  and  is  ready  lo  efrapc  to  every  fuhflance 
for  which  it  polTefrcs  any  degree  of  affinily ;  whereas  in  the 
pile,  though  there  is  a  rapid  and  conftani  production  of  clec- 
Iricity,  yet  being  derived  from  a  change  which  takes  place  in 
its  own  compofition,  by  which  diffi^rent  p:irts  of  it  appear  lo 
acquire  different  capacities  for  the  eleftric  fluid,  it  fecms  litllo 
difpofed  to  enter  into  any  comhinaliun  with  the  furrounding 
bodies,  and  is  only  brought  into  aftion  by  the  approximation 
of  the  different  parts  of  the  apparatus  itfelf. 

It  wasjuHly  remarked  by  Mr.  Nicholfon,  that  Uie  peculiar 
eftcfls  of  the  pile  may  be  afcribed  lo  the  eleflric  fluid  exifting 

r**t4a*ntiCTof'"  ''  ■"  ^  large  quantity,  but  at  a  low  degree  of  intenfity. 

j}*fl.''«|'T,'i«     This  conGderalion  eafily  explains  all  the  fingular  properties  of 


BTktffcfliof 
■i^  pik  hi.  b.. 

frfcribEd 


low  iatcnfit)  \ 


the  apparatus,  but  it  ftill  r 


3  be  afcertained  by  what 


"  This  i>  an  overfi^ht.  In  faft,  tlie  ground  Tervei  only  lo  form 
a  communication  between  the  receiving  conduflor  and  ilie  cuQibn, 
and  the  excitation  >>  fully  as  ftrong  when  the  current  ii  made  to  fly 
from  the  pluslo  the  minus  conduflor,  whc a  bath  areinruUted.---N. 


1 


thai 


ittliit  difTerence  of  itilenfily  is  produced.  By  ditTfrent 
of  clerical  inteniityit  n  gcnerslly  uixlerliood,  ihnC 
the  fame  quantity  of  uncombined  ^  electric  inaliet  may  be  dit- 
fafed  (hroiigb  a  greater  or  lei's  fpace,  and  in  confluence  ul' 
lhi«,  atilexiftsin  a  Ibtle  of  coiirenlralion  or  dilution,  it  will 
exhibit  vSc&i  more  or  lefi  viok-nt.  In  the  ^Ivonic  pik  it 
might  have  been  fuppofnl  from  the  fmall  bulk  of  the  apparalu}, 
that  a  large  (guanliiy  of  elcflrio  matter  could  nut  liave  exilled 

it  except  in  a  conccnitaled  ftale,  but  we  find  that  the  con- 

ariably  the  cafe  i  nor  has  any  method  been  hitherto  , 

contrived  by  which  the  electricity  uf  ihc  pile  can  be  made  to 
exhibit  the  lame  markii  of  inienlily  with  that  of  the  cnmmon 
machine.      Future  experiments  will  probably  enable  us  to  dc-hut  ilie  luturt 
lexmine  witli  more  precifion  in  what  the  diiierence  between  a''J^"''^"|^ 
greater  or  lefi  intenlily  coiifiils;  poll] bly  the  electric  fluid,  asnoibeen«i- 
ii  tlie  cafe  with  many  other  bodie«,  may  differ  in  its  nature  p'**"^* 
according  (o  the  metliod  employed  for  extricating  it  from  the 
(iibJlances  witl)  which  it  wa«  previoufly  united. 

2.  That  Ihe  extrication  of  the  elcftric  fluid  in  the  pile  of  The  ehStrk-tf 
Volla  depends  upon  the  rapidity  with  which  the  furface  of  the  "^  ^'  P"'  ''" 

,   .        .,       ,      r        .  -  .-,    .  .        Mndi  on  then- 

metal  IS  oxidated,  alter  the  expennncntB  which  have  becnpidhy  nf  oiid«- 

performed,  and  particularly  ihofe  of  Mr.  Davy,  feemi  to  re-^""'  *^ 
quire  no  farther  proof.     It  is  however  not  only  necelfary  thai 
Ihe  fluid  (lioald  be  extricated,  but  thai  when  difengagud  il  be 
concentrated  and  carried  forward  in  a  uniform  dircflion.    Thii  ^H 

conlider^iion  clearly  explains  the  rcafon  why  in  the  conilruc-  ^H 

tion  of  a  pile  there  mull  either  be  two  metal  j  employed,  which  ^^t 

are  difie rent ly  afled  upon  by  the  iiiterpofed  fluid,  or  that  the 
different  farfaces  of  the  famt:  metal  be  fabjei5ted  to  tlie  aOion 
of  different  flnids.     Dr.  Van  Marum  conceives  it  impoffibleor.  VuiMirum 
liial  the  extrication  of  the  ele^ic  fluid  can  depend  upon  ihe'^'^'""^''* 
Lidation  of  the  metali,  becaiife  he  found  that  Ihe  pile  acted 
re  powerfully  when  he  ufed  the  muriate  of  ammoniac,  thai) 
'When  a  diluted  acid  was  employed  ;    but  the  objcAion  of  the 
learned  experimenter  is  futficiently  ubviated  by  the  confide- 
ntion  fuggelled  above.     He  farther  alledges  in  fiipport  of  his  parrtcnWIy  be- 
opinion,  that  a  pile  with  potalli  interpofed  between  the  plates '"J'T''™'!'''  "f" 
aS«d  very  powerfully,  though  no  oxidation  was  produced.     I  withoui  uiidi. 
have  repeated  this  experiment,  and  have  on  the  conlrary  uui-"""! 

proved  ID  bt  tJw 

»  Or  uoeotnpfnfited  by  iu  oppQfiie.--.N.  lUi. 
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foniily  found  the  furfece  of  the  zinc  covered  with  a  while 
cmll  J  in  this  cafe  ihe  water  employed  in  dilTolving  the  polalh, 
oxidate*  the  zinc  in  confequcnce  of  tlie  aliraflion  which  fub- 
fifts  between  the  oxide  of  zinc  and  the  fixed  alLali,  We  con- 
clude it  to  be  a  generaj  faf),  that  whenever  a  metal  is  oxi- 

^  pnhblTtbeiiir- dated  the  ele£)ric  ttuid  is  difengaged,  and  it  is  probable  (hat 
_  (he  reverfe  of  this  propofition  will  be  found  lo  be  true,  v'lx. 
that  whenever  eleflricity  is  difengaged  from  a  metal  it  become* 
oxidated.  It  will  appear  therefore,  that  Ihe  e»Lperiments 
which  were  made  with  fo  much  accuracy  by  Sig.  Volta,  upon 
the  different  ele^ricities  produced  in  metals  by  mutual  con- 
lail,  though  certainly  inadequate  to  form  a  complete  tht-ory 
of  the  afiion  of  the  pile,  arc  yet  not  lo  be  difregarded  in  our 

F  The  true  theory  attempts  to  increafe  the  power  of  ihe  apparatus.  In  order  that 
its  conftruflion  be  adapted  for  exhibiting  the  greateft  energy, 
,  it  will  be  nccclfary  both  (hat  llie  metals  employed  be  fuch  as 
to  produce  a  current  of  eleflricity  when  brought  into  cental, 
and  alfo  that  the  inlerpofed  Duid  fliould  rapidly  oxidate  one  of 
the  metals  without  exeroifing  any  adioii  upon  the  other.  The 
combination  of  zinc  and  lilver  anfwers  the  firft  of  thefe  con- 
ditions, and  accordingly  affords  the  bell  materials  for  the  for- 
mation of  the  pile.  With  refpeft  to  the  inlerpofed  folution, 
the  muriates,  and  particularly  the  muriate  of  ammoniac,  have 
for  the  raoil  part  been  found  the  molt  efficacious,  probably  in 
confequence  of  the  altradion  which  fubfids  between  zinc  and 
the  muriatic  acid.  The  muriate  of  ammoniac  is  known  how- 
ever to  a£l  readily  apon  copper  as  well  as  upon  zinc,  and  yti 
we  Gnd  that  this  fall  in  a  flate  of  folution  powerfully  excitei 
the  energy  of  a  pile  compofed  of  zinc  and  copper,  a  faQ  which 
feems  lo  militate  againll  our  hypothefis.  With  a  view  lo  il- 
luftrale  this  point  the  following  experiments  were  performed  : 
r.  I.  Zinc  "*-  A  piece  of  zinc  was  expofed  to  the  a^ion  of  a  faturateil 
.  Wiofitu-  folulion  of  the  muriate  of  ammoniac,  a  fmall  quantity  of  hi- 
Muriaie  tf'vn-  drogen  gas  was  difengaged,  the  fluid  acquired  an  excefs  of 
moori  ciuled      alkali,  and  after  fome  lime  the  metal  became  covered  with  a 


tally  It 


1.     2.  A  clean  plate  of  copper 

folution  of  the  muriate 


s  placed  horizor]- 
;  after  a  few 

.  Copper' ' »''"-*.■ ""■  "" —J  with  abright 

in [lae circum-  green  crufi,  while  Ihe  under  furface  became  beautifully  ftud- 

^^""""'  ded  with  fmall,  tranfparenl,  and  nearly  colourlcfs  cryftals. 

'   "    BdacU.&c  Thefe crjftals  after  expofure  lo  the  airafTumed  a  green  hue, 

fimilat 


r 
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ilar  to  thai  of  llie  crull  on  the  oilier  fide  of  the  copper. 
cruD  was  fcarrcly  a^ed  upon  by  water,  but  v 


I 


Tlii 

ipiJIy  dilTolvcd  by  ammoniac,  and  the  lulution  became  i)f  ft 
deep  blue  colour.  It  rt-emed  therefore  to  be  3  muriated  oxide 
of  copper.  The  cryftah  were  only  in  part  folublp  in  water, 
the  inlbluble  part  became  brownilh  ;  it  was  quickly  dilTolved 
by  ammnniac,  and  a  deep  blue  wai  produced.  The  water  in 
which  the  cryflals  had  been  digeiled  wa^  without  colour  or 
fmcll,  but  upon  the  addition  of  a  lew  drops  of  cauflic  polad), 
it  exhaled  a  (frong  odour  of  ammoniac.  Thefe  cry(];il.i  there- 
fore appeared  to  confil^  of  muriate  of  ammoniac  united  to  a 
quantify  of  the  o^iide,  or  muriate  of  copper.  The  fides  of  the 
glafs  were  lined  with  a  coating  of  the  green  oxide,  and  as  the 
ammoniac  continued  to  evap^irnte,  the  quantity  of  this  oxide 
Avas  increafed.  The  fluid  in  vvliich  (he  copper  had  been  di- 
gefted  exhibited  alkaline  pioperlie!!.  and  was  of  b  daep  blue 
colour,'  it  contained  the  ammoniattd  oxide  of  copper.  3.  A^'t"-i-  ""«1 
piece  of  zinc  and  a  piece  of  copper  fimilar  to  thofe  employed  „|,„i 
in  the  former  experimenU,  were  placed  in  a  folulion  of  them'l'r 
muriate  of  ammoniac  in  conlail  with  each  other.  The  zinc  j^^' 
was  oxidated  as  in  the  former  cafe,  but  the  flaid  remained  co- 
lourlefs,  and  the  copper  acquired  nogreen  crull ;  though  after 
being  removed  from  the  liquor  and  expofed  lor  fome  time  lo 
die  atmofphere,  it  gradually  acquired  a  thin  covering  of  o\ide. 
The  liquor  appeared  lo  roiifilt  of  muriate  of  ammoniac  with  a 
fmall  excefs  of  alkali.  In  this  experiment  we  may  conjedure, 
that  the  zinc  poiTelfing  a  ftronger  attraction  for  oxigen  than  the 
copper,  abdrafls  it  from  the  water,  and  the  hidrogen  which 
i(  then  difengaged  either  prevent*  the  oxidation  of  the  copper 
from  taking  place,  or  reduces  the  oxide  ai  quickly  as  it  is 
formed,  4.  When  the  zinc  and  copper  were  placed  in  fepa-  Eipn.  4.  ZbK 
rate  glafles  of  the  folulion  of  the  murialt;  of  ammoniac,  and*"J"W"  "" 
the  metals  were  connected  by  a  filvcr  wire,  the  zinc  became  ^^  ;„  lepanie' 
oxidated  as  ufua! :  the  copper  was  in  appearance  fcarcely  """'"•f^t*"- 
aAed  upon,  but  the  fluid  acquired  a  blue  (inge,  which  proves  £|„r  „}„  ,^ 
that  the  ammoniated  oxide  of  copper  is  formed,  and  confe- cniipcr  wu  liida 
quently  that  the  muriate  of  ammoniac  and  water  are  decum-  jjence  ■  pile  af 
pofed,  and  the  copper  oxidated,  though  thefe  elfcfti  lake  linc  :<nd  cptei 
.  place  to  a  much  lefs  eslent  than  in  the  fecond  exporimenl.  ^)Jj  c^ns- 
I   The  general  refults  are  favourable  to  our  bypolhcfis.  a«  we  nf  eIw  mcala 

learn 


■ly  were  m'ld-  learn  from  them  that  the  aftion  of  the  muriate  ot 


mlacl  with  7. 


a  great  meafure  fufpended 


3.  Befive  \< 


>n  the  dlFcf 

[  [he  eodi  of     apparalus  U  is  necelTary 
ence  bctwircn  ihc  condil 


at  a  perfecl  iheofy  of  tjie  galvanic 
afcerlaiii  wlial  is  llie  efTenlial  diSer- 
I  of  tlie  ele^ric  fluid,  ai  itexilts  in 
the  two  ends  of  Ihe  pile.  It  is  cllabliflied  decitfedly  by  ihe  ex- 
periments of  Van  Marum,  thai  the  (iuid  I'xilis  in  the  ^ofilive 
fUte  at  what  is  called  the  ziiic  end,  and  in  the  negaljvc  at  (he 
op|>o(iLe  extremity.  When  the  mftterials  are  arranged  in  llie 
order  of  lilver,  ainc,  and  card,  it  ii  evident  that  the  end  from 
which  the  eleflric  fluid  \%  dikharged  in  tlie  po&tivc  flati:,  is  the 
one  conliguaus  to  the  oxidating  fiirface  of  ihe  jsinc.  ll  is  nut 
altogether  determined  in  what  confiUs  the  difference  between 
the  pofitive  and  negative  eloflriciiies,  but  it  is  grherally  fup- 
pofed  Lo  depend  upon  (he  fluid  beingcontained'in  bodies  in  a 
greater  or  Icfs  rjuantity  tlian  their  natural  jiropurtion.  Le(  ui 
'examine  how  far  this  lakes  place  in  the  pile  of  Volia.  We 
may  conlider  each  pair  of  metallic  plates  with  the  interpofed 
fluid  as  a  conip!e(e  appacatui  for  evolving  and  receiving  (he 
eleflric  matter;  and  to  whatever  extent  the  pile  is  increafed, 
we  ftiall  have  merely  a  rcpeiiiion  of  the  fame  aSion.  Lei  Z. 
fig,  3,  plale  8,  nprefunt  the  plate  of  zinc,  F  the  interpofed 
fluid,  and  S  ihe  plate  of  filver.  At  tiie  furtaceofthezinc,  ci, 
the  cleAric  matter  is  difcngaged  in  coufoqucnce  of  ihe  oxida- 
tion of  (he  metal ;  (his  difengaged  eledricity  is  carried  acrofs 
the  fluid,  and  enters  the  furfaceof  the  filver  e/,  and  being  then 
diffufed  through  the  body  of  this  plale,  the  whole  of  ihe  lilver 
acquires  Ihepofilive  Hate,  and contequenlly  i  becomes  ihe  po- 
fitive and  li;  ihe  negative  end  of  this  liitle  apparatus.  Does  the 
plate  of  zinc  in  this  cole  become  abrulutely  or  only  relatively 
negative  f  It  might  be  fuppofed  that  no  olher  pari  of  the  zinc 
flioald  have  ils  ele^ricity  charged  except  that  which  is  oxi- 
dated ;  yet  from  the  experimenLs  of  Van  Marum  and  others  we 
arc  led  to  conclude,  that  tiie  zinc  becomes  ablolulely  negative 
through  ils  whole  fubfiance.  Dr.  Van  Marum  informs  us,  that 
when  the  wire  of  a  Leyden  phial  was  applied  to  Ihe  negative 
end  of  his  large  pile,  Ihe  inlide  of  the  jar  became  charged  willi 
negative  ele^ricily  ;  and  as  there  does  not  appear  lo  have  been 
any  connexion  between  the  cittenial  coaling  and  ihu  other  end 

of 
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of  (be  pile,  we  mud  conclude  that  the  zinc  plate  becomes  ab(o« 
lutely  negative  through  its  whole  fuhflance.    If  the  zinc  bo- 
came  negative  only  in  relation  to  the  quantity  of  eleftricity  ac- 
cumulated in  the  filver,  it  would  follow  that  the  fame  effeds 
flioald  be  produced  whether  the  lilver  was  connected  with  the 
negative  end  of  the  pile,  or  with  any  other  metallic  fubftance 
of  equal  bulk ;  but  this  is  directly  contrary  to  fadt.     Befides  aDiieAioiirftlM 
variety  in  the  quantity  or  quality  of  the  ele^ricity,  another  ma-*** 
terial  difference  between  the  two  ends  of  the  pile  is  the  direc> 
tkm  of  the  current.     While  the  eledtric  matter  is  difengaged 
from  the  oxidating  furface,  it  feems  impoffible  to  imagine  that 
it  can  be  received  again  by  the  lame  furface  from  which  it  has 
been  di(charged,  and  which  is  continually  difcharging  frefh 
quantities  of  the  fluid.     The  ele6lricity  is  therefore  neceffarily 
dtflfufed  through  the  interpofed  liquid,  and  from  this  is  taken  up 
by  the  oppofite  metallic  furface.     Upon  the  uniform  diredlion 
of  its  current  it  is  that  the  a6lion  of  the  apparatus  elfentially  de- 
pends ;  and  accordingly  we  find  that  its  effeds  are  fufpended 
when  it  is  altogether  furrounded  with  water,  or  even  when 
the  external  edges  of  the  plates  are  moiflened.     It  is  a  very  Limit  of  «Mii 
curious  circumftance  in  the  operation  of  this  apparatus,  that  it'*^*^*'^ 
does  not  appear  capable  of  having  its  power  augmented  by 
permitting  the  electricity  to  become  accumulated  in  it.     Th: 
oxidating  furfaces  of  the  zinc  are  continually  difcharging  a  large 
quantity  of  ele€lricity ,  all  of  which  is  carried  forward  to  the 
pofitive  extremity,  and  does  not  appear  to  efcape  from  it ;  yet 
aflcr  the  two  ends  of  the  pile  have  been  brought  to  an  equili- 
brium by  means  of  an  uniting  conduflor,  the  energy  and  in- 
tenfity  of  the  apparatus  are  inflantaneoudy  reflored  to  as  great 
a  degree  as  before  the  difcharge.     Upon  the  whole  it  may  be 
inferred,  that  though  the  two  extremities  of  the  pile  differ  from 
each  other  in  the  abfolute  quantity  of  eledricity  which  they 
contain,  yet  there  is  reafon  to  fuppofe  that  fome  farther  altera- 
tion is  effedted,  which  at  prefent  we  are  unable  to  explain. 

4.  With  refped  to  the  operation  which  takes  place  at  the  ends  £fl«ds  tt  the 
of  the  wires  in  the  interrupted  circuit,  whatever  idea  we  may  ".*****^  die 
adopt  of  the  comparative  dates  of  the  eledric  fluid  in  the  two 
extremities  of  the  pile,  we  can  (carcely  doubt  that  it  proceeds 
from  the  pofitive  to  the  negative  end,  or  from  the  wire  which 
emits  oxigen  to  that  which  emits  hidrogen.  The  os^igen  which 
^s  difengaged  from  the  pofitive  or  difcharging  wire,  mufl  necef- 
farily 
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fariljr  either  proceed  from  the  wire  itfelf,  or  be  difengaged 
from  the  fluid  in  which  the  wire  teiminates.  If  it  proceed 
from  the  wire  itfelf,  we  may  conclude  that  in  whatever  fluid 
the  w  ire  is  plunged,  the  oxigen  will  ftill  be  emitted,  exL-epl  th« 
fluid  fhouM  itfelf  poITcfs  an  atlrdflion  for  oxigen.  Upon  the 
other  fuppofition,  however,  that  tlic  ovigen  proceeds  from  the 
decompolition  of  the  fluid,  in  confequence  of  the  eleflricity 
uniting  itfelf  to  hidrogen  in  il^  palTagc  between  the  wires,  wc 
maj  expefl  to  be  able  to  fjfpeiid  the  production  of  osigen,  by 
prcfcnting  to  the  wire  a  liquid  which  contains  hidrog<^n  united 
rfc4inam-  to  fome  other  element.  The  li<|ULd  caultic  ammoniac  promifet 
"  to  anfwor  all  the  requifile  purpofes,  and  we  (hall  find  thai  the 

expeiiments  made  upon  it  by  Mr.  Crulckfliank  and  Mr.  Davy, 
though  not  precifely  fimilar  in  their  refuits,  afford  conclufions 
not  unfavourable  to  our  hypotlieli.'.  Mr.  Cruickfhank  em- 
ployed wires  of  platina,  and  when  thefe  wercconneAed  with 
the  pile,  and  permitted  to  terminate  in  ammoniac,  he  found 
_„„<fldhliro- thatihegafes  evolved  were  azote  and  hidrogen,  wiihfo  fmall  a 
ipneTol«iJ  by  mixture  of  oxigen  as  to  render  it  probable  that  thit  latter  fub- 
amraoBu.  ftance  proceeded  rather  from  fome  accidental  circumftance, 

than  from  the  elfenlial  nature  of  ihc  operation,  Mr.  Davy 
SgU  wjreii  ufed  gold  wires  which  terminated  in  two  glaffes  of  ammoniac, 
conneded  to  each  other  by  means  of  mufcular  fibres.  He 
found  that  the  poliiive  wire  evolved  ga;  only  in  fmal!  quantity, 
and  that  it  was  a  mixture  of  three  parts  of  oxigen  and  two  of 
azote,  while  the  other  wire  gave  out  hidrogen  in  confiderable 
quantity;  the  poQtive  wire  was  vifibly  corroded.  I  was  for 
fome  time  at  alofs  to  reconcile  the  refuits  of  [hefe  able  experi- 
menters, but  upon  refledion  I  wa<  led  to  conclude  that  the  va- 
riation might  be  produced  in  part  from  the  nature  of  the  wires 
which  they  ufed,  and  partly  from  a  difference  in  the  energy  of 
their  re fpeflive  piles.  In  order  that  the  experiment  tliould  be 
unexceptionable,  it  is  necelTary  that  a  metallic  conductor  be  em- 
ployed which  polfelTe?  little  altraflion  for  any  of  the  elements 
compoling  the  fluid  in  which  it  terminates ;  as  by  this  precau- 
tion any  change  of  cnmpoGtion  which  takes  place  mull  depend 
altogether  upon  the  affinities  of  the  eledric  fluid.  Gold  is  on 
this  account  left  proper  than  plalina.  It  may  be  conjectured 
that  in  Mr.  Davy's  experiment  with  gold  wires,  the  predjf- 
pofing  affinity  of  the  oxide  of  thin  metal  for  an  oxigenated  ni- 
tric acid,  would  cauCe  the  decompofition  of  a  portion  both  of 


the  water  and  the  aniinoninc,  and  that  the  oxigcn  and  axutfr 
thut  liberated,  would   unite  togelher  in  fuch  proportion  at  to 
generate  a  fulvent  for  the  metal.     We  fuppole  the  gas  which 
difengaged  from  tile  pnfiiive  wire  to  be  produced  by  the  de- 
mipotitior)  of  the  (luid  in  which  it  lerminalc:!,  in  conlequuira 
tf  the  Riong  aitradion  whith  fubftib  between  the  ele6lric 
id  hidrogeti.     It  may  reafonably  be  inferred  that  there 
iia  point  of  reciprocal  faturation  between  thefe  fabfiances,  or 
,t  a  given  quantity  of  elcclricily  cannot  pafs  between  the 
Wirei  onlefsit  be  united  to  a  definite  quantity  of  hidrogen.     If 
elcSric  matter  in  the  pofitivc  wire  exift  there  only  in  a 
ill  quantity,  it  acquires  for  ilfelf  a  fjfficient  proportion  of  hi- 
drogen  by  decompofiitg  the  ammoniae  alone;  but  when  IheTlie  (iiludonof 
apparatus  is  large  and  operates  with  energy,  the  ammoniac  ii  ^ji*J^t__.  '** 
insdequale  to  afford  the  nccclfary  fupply  of  hidrogen,  and  the  p^rcd  by  « 
water  become*  alfo  decompoftd.     I  endeavoured  to  fubmit  the  **?  ,'/  ''*"'i, 
truth  of  this  conjeflurc  to  the  tell  of  experiment,  for  which  a  ftninger. 
purpofe  gold  wires  were  employed  terminating  in  ammoniac,  Eipenmeni. 
conneded  in  different  tiifiances  with  agreater  or  lel's  nuRN 
of  metallic  plates.     The  refults  were  upon  the  whole  fa- 
vourable, but  on  account  of  the  minute  quantities  of  gas  pro- 
•ured,  1  was  unable  to  afcertain  its  nature  with  as  much  ac- 
icy  as  was  defirabie.     When  the  procefs  went  on  rapidly 
water  was  decompofed  as  well  as  iii<.-  ammoniac,  and  jf  it 
I  continued  for  a  great  length  of  time,  the  ammoniac  at- 
Irafted  carbonic  acid  gai  Irom  the  atmofphere,  and  thus  pro- 
duced :i  fource  of  error  in  the  refults.     Several  otlier  metallic 
bodies  which  were  in terpu fed  between  the  ends  of  the  pile, 
were  all  of  them  more  or  lefs  corroded  in  confequence  of  their 
ftrong  attraflion  for  osigen.     When  copper  and  tin   were 
ufed,   the  oxidi;s  were  dilfolvcd  by  the  ammoniac;  in  the  for- 
mer cafe  this  was  rendered  vifible  by  the  blue  colour  which  the 
liquor  alfumed,  and  in  the  latter  by  the  precipilaljon  of  ihe 
ide  of  tin  elTeaed  by  the  addition  of  fulphuric  acid.     The 
flips  of  tin   foil   which   were  employed  had  their  extremities 
iged  to  a  brown  colour,  particularly  that  which  was  con- 
led  with  the  negative  end  of  the  apparatus. 
After  thefe  obfervalions  upon  the  aAion  of  the  politive  wire,  Th<  miaui  «(r* 
there  remain*  little  to  be  added  on  the  fubjefl  of  the  oppofite  °^  ^  pi"^ 
•ne;    it  toerely  receives  the  eleflric   fluid  after  its  palTsge 
through 


flips 
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through  the  water,  and  tranfinils  it  to  llie  negative  end  oF  tttC- 
pile.    If  the  wire  term inaic  in  pure  water,  Uie  hidrogtu  isdif' 
engaged  in  the  rorm  uf  gas ;  but  ifa  metallic  f^It  be  diUblved 
in  the  water,  the  hidrogen  is  allraaed  bj  llie  oxide,  and  this 
Jail  reduced  to  the  ftate  of  a  metal.     Tlie  phenomena  exhibit* 
ed  in  this  prucefs  are  often  peculiarly  beautiful,  and  the  ex' 
Ireme  delicacy  which  the  apparatus  polTelTes  in  difcovering 
even  tlie  minuled  metallic  impregnations,  fuggefls  its  probable 
utility  in  the  analytical  operations  of  chemillry. 
ir  far  plsir-     5.  A  very  intereliing  fubjefl  of  inquiry  here  prefenti  ilfelf, 
'kS'^'th^''  ^''^'  '"  ™''^'  degree  will  our  lhi.-oretical  notions  of  the  adion 
I.  and  properties  of  tlie  elcflric  fluid  be  inHuenced  by  the  galva- 

nic difcoveries?  The  theory  of  Dr.  Franklin,  as  well  as  the 
elegant  one  propofcd  bv  M.  AE^pimu,  feems  to  be  adapted 
only  to  tbofe  cafes  in  which  the  eleClric  fluid  previoully  exift- 
ing  in  bodies,  wa^  altered  either  with  rcfpirfl  to  its  dilpofilion 
or  quontity.  But  we  are  now  in  poffeiJion  of  an  apparatus  by 
which  it  is  aflually  generated,  a  circumfiance  with  which  we 
were  until  lately  unacquainted,  and  confequently  our  hypothe- 
fis,  being  a  general  deduCtion  from  fad'',  will  at  lead  n^quiie  to 
be  extended,  perhaps  in  fome  infiances  new -modelled. 
Chmital  theory  The  pile  of  Volla  affords  many  lllufiralions  of  (he  modem 
"by  iheft'  '^'^^''^i'^*'  doflrines,  which  appear  the  more  flriking  as  eflefted 
ijei,  by  experiments  made  with  a  different  objefl  in  view,  and  pro- 
duced by  an  agent  whichcannot  befuppufed  capable  of  adect' 
ing  the  refuits.  The  grand  queflion  rcfpefling  the  decorapofi- 
tion  of  water,  if  it  Howl  in  need  of  farther  fuppurt,  derives 
powerful  confirmation  from  the  expeiiments  firft  performed  by 
Mr.  Nicholfon  and  Mr.  Carlifle.  and  fince  repeated  witli  va. 
rious  modili cations.  The  experiments  made  with  the  galvanic 
apparatus  alfo  contirm  our  ideas  refpeding  the  compolilion  of 
ammoniac  and  nitric  acid,  and  confiderabiy  add  to  our  know- 
ledge of  the  afiion  which  takes  place  between  acids  and  metals. 
They  beautifully  exhibil  (he  powerful  effefls  produced  by  oxi- 
gen  and  hidrogen  when  in  a  condenfi;d  or  uncombined  fiale, 
and  promife  to  afford  the  chemlll  a  valuable  opportunity  of 
employing  in  his  different  operations  thefe  bodies  in  a  ll»le  of 
abfoluie  purity.  Every  one  interetled  in  theprogrefsof  philo- 
fophical  knowledge,  will  regard  with  admiration  the  difcovery 
9f  an  apparatus,  which  has  enabled  him  to  develope  fome  of 
*  the 
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the  moA  hidden  operations  of  nature^  and  will  confider  tha 
name  of  Volta  as  worUiy  to  be  clafTed  with  thofe  oFLavoifier, 
Prieftley,  Cavendifb,  and  tlic  Ciher  illuftrious  founders  of  tiie 
pneumatic  chemiflry. 


in, 

A  Summary  of  the  mojl  ufej'ul  Parts  qf  Hydraulics,  chiefly  ex» 
traced  and  abridged  from  £ytekoein*»  Handhach  der  Meckanik 
und  der  Hydraulik.  Berlin,  1801.  jE^^  Thomas  Young, 
AI.  D.  F.  R.  S. 

{Concluded  from  Page  35.) 

C/HAPTER  9.     Of  tlie  motion  of  water  in  pipes.  Motion  of 

The  author  has  attempted  to  fimplify  this  fubjed  nearly  in  "*  '^''^ 
the  fame  manner  as  that  of  the  motion  of  rivers,  and  appa- 
rently with  condderable  fuccefs.  He  obferves,  that  the  head 
of  water  may  be  divided  into  two  parts^  one  of  which  is  em« 
ployed  in  producing  velocity,  the  other  in  overcoming  the 
fridion  :  that  the  height  employed  in  overcoming  the  fridion 
muft  be  as  the  length  of  the  pipe  direfUy ;  and  alfo  diredly  as 
the  circumference  of  the  fe^lion,  or  as  the  diameter  of  the  pipe, 
and  inverfely  as  the  content  of  the  fe^ion,  or  as  the  fquare  of 
the  diameter ;  that  is,  on  the  whole,  inverfely  as  the  diameter ; 
this  height  too  mull  vary,  like  the  fridion,  as  the  fquare  of  the 
velocity. 

Hence  /  =---.r*,/ denoting  the  height  due  to  the  friction.  To  find  the  ve- 
d  locity } 

and  a  a  conftant  quantity:  therefore,  v*=::L.,    Now  the 

al 

height  employed  on  the  fridtion,  correfponds  to  the  difference 
between  the  adual  velocity  and  the  actual  height,  or  /=  A — 1. 

where  b  is  the  coefficient  for  determining  the  velocity  from  the 
beignt;    confequently,    r*= ,    and    t*= 


ab^l  ab*l+dr 

Now  b=s6.6,  and  from  Buat's  experiments,  ab*  is  determined 
to  be  .021 1,  which  agrees  the  moA  accurately  where  the  velo- 
eity  it  between  6  and  24  inches  in  a  fecond.  Whence  we  have 


»*= 


► 


B'=_12£^.  or  v=.i5.5  ^{-^\:    but  it  «  feme- 

what  more  accurate  lo  make  r=50  ,/f 1;  ""  1'*^ 

meafures  being  exprefied  in  Englifh  feet. 
«n"  ft*  When  llie  pipe  is  bent  inio  angles,  or  rather  arcs,  we  muft 

dimiiiilh  the  velocity  thus  found,  by  taking  the  produfl  of  its 
fquarc  multiplied  by  the  fum  of  the  fines  of  the  fevera!  angles 
of  inflexion,  and  (lien  by  .0038  i  whicli  will  give  the  degree 
of  prefTure  employed  in  overcoming  the  reCllaiice  occafioned 
by  the  angles:  and  dedu£ling  ihis  height  from  the  height cor- 
rcfpondrng  lo  the  velocity,  we  may  thence  find  the  corrtCled 

pcgmtplpCT,  Mr.  Eytehvein  proceeds  lo  inveftigate,  both  theorclicaliy 
ajid  experimentally,  ihedifchargeof  water  by  compound  pipes, 
with  apertures  of  various  dimenfions  between  them:  he  allows 
at  each  orifice  for  the  contraflion  of  the  ftream,  and  calcnhitcs 
the  height  necelTary  to  produce  the  increafc  of  velocity  in  each 
inltance,  allowing  alfo  for  the  friAion  of  the  pipe.  But  llie 
velocity  thus  found  is  fomewhat  fmaller  than  tlie  refult  of  hi* 
experiment! ;  probably  becaufe  the  whole  of  the  force  of  the 
water  accelerated  at  any  orifice,  \%  not  immediately  lofi  as  Toon 
at  it  arrives  at  a  wider  pait  of  llie  pipe.  The  afcent  of  water 
in  a  compound  pipe,  to  the  level  of  a  refervoir,  is  next  cotifi- 
dered,  a  cafe  which  often  occurs  in  pump-work  j  and  an  ap- 
proximation to  the  velocity  of  afcent  is  deduced  from  theory 
and  compared  with  experi  ment. 

of  wwcr.         Chapter  10.   Of  jets  of  water. 

This  chapter  contains  tittle  that  is  new  or  interefling  ;  it  is 
well  known,  that  (he  velocity  of  a  jet  isgreatefl  when  it  fprings 
through  an  orifice  in  a  thin  plate,  and  In  this  cafe,  the  height 
laIN  little  fhort  of  that  of  the  refervoir. 

iilfc  or  hy-       Chapter  11 .  Of  the  impulfe  or  hydraulic  prelfure  of  water. 

lie  piilTure  There  are  three  principal  cafesof  the  impulfe  of  water  falling 
perpendicularly  on  plane  furfaces ;  when  a  detached  jet  of 
water  flrikes  the  plane ;  when  the  plane  moves  in  an  unlimiU 
cd  extent  of  water,  or  is  very  fmaU  in  refpefl  to  a  dream  that 
ftrtkes  it;  and  when  the  impulfe  takes  place  in  a  limited 
channel. 

mthefticun     Suppofing  a  ftream  of  water  to  flrikeagainll  a  plane  fo  as  to 
Tela.  Iq^-q  gii  ^^  niotion,  it  is  obvious,  that  the  force  that  deAroys 


I 


Vtii  motion  muf)  be  equal  lo  the  force  that  generate)  it ;  that 

h,  lo  llic  iveight  of  the  colunm  of  water  ojieraiing  during  liie 

time  iiwelfary  for  its  acquiring  llie  given  relocity  :  and  thu 

f)uantLt^  of  water  arriving  during  this  time,  being  equal  lo 

twice  (he  column  of  vvlijch  Ihe  length  is  the  height  due  lo  the 

velocity,  the  hydraulic  preflure  mud  be  twice  the  weight  of 

fuch  a  column.     The  relative  inipu]fe  againft  a  plane  in  mo-ot  whenifc* 

lion,  muft  be  determined  from  the  dilTerencc  of  tlie  velocities :  P'""  "'*«'• 

bot  when  all  the  water  ofa  llream  Dnkus  againft  a  plane,  the 

efleft  of  llie  impulfe  may  be  more  (imply  determined,  as  if  a 

folidbody  Dtuck  the  pbne  with  the  relative  velocity ;  and  this 

is  nearly  what  happens  in  underihot  water-whceli. 

When  a  detached  jet  Itrikcs  againlt  a  plane,  it  appears,  DcCKhcdJet. 
from  the  experiments  of  BolTut  and  Langfdorf,  that  ht  effect 
is  equal  to  the  weight  of  an  equal  column  of  twice  llic  height 
due  to  the  velocity ;  but  the  plane  niuil  be  at  Icafl  four  times 
as  large  in  diameter  as  the  jei;  if  it  be  only  of  the  fame  fizc, 
(he  effeft  will  be  but  one  half  as  great.  In  an  unlimited  Unlimited 
flreaoi,  the  impulfe  is  alfu  ni^arly  determined  from  tlie  height  "*"'  | 

correfpunding  lo  the  velocity  ;  and  it  appears,  that  the  etfeft  ' 

is  nearly  doubled  by  conftning  tiie  itream  lo  prevent  itt  divert- confintil  la  a 
ing  laterally  from  the  floai-boards,  chmnel.  , 

For  oblique  lurfaces,  the  effect  ofa  detached  jet  in  its  own  Oblique  i\n(ice%  '' 
direction,  apficars  to  vary  as  the  fquare  of  the  fine  of  the  angle''PP°'^^ '"*  J"*  ' 
of  incidence ;  but,  for  motions  in  open  water,  we  muft  add  to 
this  fquare  about  ^  of  the  dilference  of  thefine  from  liie  radius: 
a  correflion  which  ii  tolerably  accurate,  until  tlie  inclination 
becomes  very  gtoal.  Mr.  Eytelwein  Ibund  the  rcfiftance  to 
the  motion  of  a  fphere  nearly  4  of  the  refiftance  to  a  circlo 
equal  to  its  feftion;  perhaps  it  was  a  hcmifphere,  otherwife  it 
is  difficult  lo  reconcile  the  refnlt  with  other  experiments  in 
which  il  has  appeared  to  be  only  ^.  {, 

Mr.  Eytelwein  informs  us,  tliat  at  the  temperature  l-t"  ofweightardiAib 
Reaumur,  or63|  of  Fahrenlieit,  a  cubic  fuot  of  diftilled  water'"**""* 
veigha  66. 0656  pounds  of  Cologne,  or  65.9368  commercial 
pounds  of  Berlin.  According  lo  Sir  George  Shucliburgh'a 
.experiment,  an  Englilh  cubic  fool  of  dillilled  water  at  68" 
.weighs  9S7  ounces  avoirdupois ;  and  water  expands  for  every 
degree  .OOOLG^  :  hence  the  pound  of  Cologne  is  1.0312  Eng- 
Jilh  avoirdupois  pounds,  and  that  of  Berlin  1.0332. 

Chapter  V2.  Ofoverihot  water- wlieels.  Ov«lliot»tc«I.} 

The  power  which  operates  upon  over  Hi  ut  wheels,  is  divided 
Vol.  Ill,— October,  I11D2.  G  min 
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into  Iwo  parU,  one  derived  from  the  weight  ofihe  wator  in  th* 
cells  or  bucket,  llic  other  from  die  impulft:  of  Ihu  water  lb.lliti£ 
on  it:  theeffca  of  the  firftiscoiifiant,  thalofihi:  fecond  varies 
I  with  the  velocity  :  the  maximum  is  found  lo  be  when  the  ve- 

1  lucity  ii  half  thai  of  the  water  received  ;  but  the  variable  part 

being  the  fmallcr,  the  rule  is  of  little  praflleal  canfequence, 
and  the  veli>cily  of  the  tvhecl  is  generally  greater  than  this, 
li^tiftDf  rt- The  author  obierves,  that  by  turning  the  fiream  back  upon  the 
f^fn,  '  nearer  half  of  the  wheel,  we  remove  the  refirtance  of  the  lower 

water,  fince  it  runs  off  in  the  fame  dirediun  with  that  of  Ihc 
water-wheel. 
Unieriboi  ChaplerlS.  Of  underiliot  watcr-wheels. 

"       '  The  author  enters  into  a  minute  dcfcriplion  of  the  part*  of 

Bti  underfhot  water-wheel :  he  obferves,  that  the  moft  advsn- 
FlDitbouiti         tageous  pofition  for  the  floatboardf  tn  a  ftraight  channel  is,  when 
I     leadltujli'v''''  "'">'  ^"^  p"''?*'"'!'"''^  'o  '''^  ivatcr  at  tlic  lime  tlial  liiey  rife 
f.  out  ol'it:  (hat  only  one  half  of  each  fliould  ever  be  below  the 

furfacc,  and  that  from  thr-ee  to  live  fliould  be  immerfed  at  once, 
according  to  the  mHgnitude  of  the  wheel.     When  there  isfuf- 
ficient  fall,  the  floalbosrds  thould  be  divided  and  made  into 
buckets,  i<>  that  the  wheel  may  become  a  breail  wheel  j  the 
pofition  of  tlie  external  portion  being  fuch,  that  a  line  drawn 
through  it  at  ihc  time  when  the  w  ater  enten,  may  divide  the 
vertical  radius  in  the  fame  proportion  tiiat  it  divides  the  qns- 
drant  of  the  circumference;  that  is,  if  the  water  is  received, 
'for  inflanre,  at  one  third  of  the  quadrant  from  the  bottoa>>  the 
line  mufl  leave  one  third  of  the  radms  above  it,     A  formula  h 
hid  down  tcjr  raiculaling  the  a^ual  force  of  a  given  fheam  of 
dulliiii  wheel  water  on  a  wheel,  audit  isHiown,  that  Intlf  tlie  velocity  oflhe 
hViV ifa'c''    ^'^^f^  '^  ^^•<^  ""'"^1'  gi*"^*  "'«  niasimum  of  vfkB.  tlic  theory 
xlixofthe    agreeing  perfcclly  With  the  experiments  of  Smeaton  and  Others: 
•*•  for,  (inccliiu  HRtl  i>  eftimated  bytho  p rod uS  of  iJie  force  into 

iho  velocity  of  the  parts  upon  which  it  acb,  and  finoe  the  ferce 
is  in  ihiscufetimply  as  the  relative  velocity,  becaufc  the  quan- 
tity of  water  li  given,  and  the  whole  ofitiifoppofed  in  aUcsIss 
toafl;  therefore,  the  etfea  will  bscTcprclTed by  tile  produilof 
the  relative  and  abfolutc  velocity  of  the  wiiei'l,  or  e=:'ca;  bi»t 
i==f— «,  V  being  the  velocity  oti'icfircam,  and  ra:=av—na, 
■whirh  is  obvioufly  grealefl  when  v=2a,  as  is  evident  either  by 
taking  the  Huxiun,  or  by  conliduring  that  thegrealcft  otdinaie 
oi  a  femicirck'  is  ihe  radio*. 

To 
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To  fliow  tlic  odranUge  of  bread  wheels  over  common  un-  Sreift  wheeli 
derfliot  wheels,  ibe  aathor  quotes  Mr.  Banks'^  expeririicnl^.  '""'^  ^j!!wvnt. 
He  alio  oblerves,  ihat  by  placing  two  whoels  nhei  each  oilier 
in  the  fume  llream,  about  one  fourth  more  force  may  be  ob- 
tained than  either  b^  a  fingle  wheel,  or  by  two  wheels  fide  by 
fide ;  but  that  a  tingle  wheel  has  led  friftion,  and  ts  generally 
lefsexpenfive. 

Chapter  1 1.  Of  the  properliei  of  the  air,  as  far  as  they  relate 
to  hydraulic  machines. 

What  Mr.  Eyiclwein  quotes  as  Mariotle's  difcovery  of  the  Force  of  i!r 
increafe  of  the  nir'«  denfiiy  in  proportion  to  the  prelTure,  was **""'' "P'^^' 
well  known  to  Hooke  and  Boyle.     Frum  the  experiments  of 
Woltmann  and  Schobcr,  he  remarku,  lliat  the  force  of  the  wind 
againd  a  perpendicular  plane,  is  nearly  equal  to  lour  tiiird*  of 
the  weight  of  a  column  of  air,  of  a  length  equal  lo  the  height 
due  to  the  velocity.     The  height  of  a  column  of  water  nearly 
equivalent  lo  the  force  or  refillance  may  be  fourtd,  by  taking  Rule  far  flndini 
the  fquanfof^^of  the  velocity  in  al'econd,  in  Engliflifeel,     "■ 

Thus,  if  the  velocity  were  1000  feet  in  a  fecond,  the  refif-Eiimpte. 
tance  would  be  equal  to  a  column  of  water  in  the  fame  fur- 
flce,  33  feet  in  height;  and  (he  refillance  to  a  fphcre  about 
half  as  much. 

For  another  example,  if  we  had  a  cubic  foot  of  a  fubilance  Inft>n«  of  the 
'  equal  in  fpecific  gravity  to  water,  and  were  defirous  of  know- "' 
ing  ihe  greateR  velocity  that  it  csiuld  acf|uire  by  falling  through  by'i^bod" 
Ibe  air;  the  height  of  tlie  column  of  water  if  here  I,  and  iis '"  1« 'i' = 
fquare  root  I ,  which  multiplied  by  2(X1  gives  200  feet  in  a  fecond 
for  the  velocity,  when  tlierefiftanCe  would  be  equal  to  the  weight, 
which  of  courfe  is  the  limit  beyond  which  the  velocity  could 
never  pafs.    Hence  we  may  form  an  idea  of  the  utmofl  velocity 
that  a  Done,  of  moderate  fize,  could  acquire  in  defcending 
from  the  upper  regions  of  the  atmofphere,  or  even  from  the 
neighbourhood  of  the  moon  ;  a  velocity  that  would  be  much  ""^■V.'^'' 
lefs  than  that  of  a  bomb  or  a  cannon  ball,  even  whcnit  may  bcbjTl. 
followed  by  the  eye. 

Again,  Mr.  Gamerin's  parachute  contain?  about  860  fqunre  Panchute 
feet  of  furface,  and  weighs,  together  with  the  aeronaut  fuf-^"""'"' 
pended  from  it,  about  230  pounds.  Here  the  weight  is  f|  of 
a  ponnd  fur  each  fquate  foot,  which  is  equivalent  to  fij^  of  a 
f«o1  of  water;  multiplying  the  fquare  toot  Ay  200,  we  have 
li^t  13lcet  in  a  focond  for  the  utmofl  velocity  ;  which  h  Iha 
C  2  lame 

rff 


foiSibk  to  be  b>^ 


fame  as  if  one  leaped  frojn  a  height  of  bcl  ween  iwo  and  lhT*r 

fci-1.     Mr.  Garnt-rin,  however,  finds  Ihe  mean  velucily  of  de- 

■  fcejit  (inly  eight  feci,  whicli  agrees  beiler  wiih  the  experiments 

»of  Borda,  in  which  the  rcfiftaiice  appeared  to  be  j.  of  Ibe 
weight  of  the  column  due  tu  the  velucity,  and  exceeded  this 
proportion  as  the  fuiface  increafed  in  magnitude. 
SyplMDi.  Chapter  15.  Ofllphons, 

For  eflimaling  lliedifchargeora  (iphon,  the  head  of  water 
mult  be  reckoned  equal  to  the  difference  between  the  levels  of 
the  furface  of  the  water,  and  of  tiie  lower  orifice.  The  author 
obfcrves,  that  the  tlieory  of  waves  has  been  treated  in  a  new 
and  iraproval  manner  by  l.agrangc  in  h'n  M^caniquc  Analy- 
(iqiie.  The  problem  is,  however,  not  yet  completely  folved : 
Lagrange's  foimula  includes  ihc  depth  of  tlie  water  agitated 
at  a  given  quantity,  but  it  docs  not  infuim  us  how  to  determine 
this  depth  from  theory. 
Sucking  pumps.      Chapter  l(i.   Of  fucking  pumps. 

The  lengiji  of  a  fucking  pump  muf)  never  be  greater  than 
30  feet  below  the  moveable  valve :  and  there  may  be  a  lofs  of 
time  in  the  aliment  of  the  water,  unlefs  it  be  rnade  even  a  few 
leet  Ihorter.  Thu  motions  to  be  produced,  and  itie  refiltances 
to  be  overcomL',  are  conGdcred  in  detail :  but  the  author  re- 
fer*, for  ftill  further  information,  to  Langfdorf 's  Treatife  on 
Machinery, 
Ninin  of  chE  The  velocily  oi'  the  Uroke  fliould  never  be  lefs  tlian  four 
""''*'•  tnclies,  nor  greater  than  Iwo  or  three  feet  in  a  fecond ;  the 

ftroke  (hould  be  as  long  as  poUible,  lo  prevent  loU  of  water  by 
the  Iri'qutmt  alternations  of  the  valves.     The  diameter  of  the 
I  pipe  IhouM  be  about  for  ^  of  that  of  the  barrel.     The  litUng 

B  pump  is  alfo  here  defcribed ;  it  only  dilfers  from  the  fucking 

H  pump  in  having  the  lower -valve  moveable,  and  the  upper  one 

''  tiKcd.     A  number  of  valves  and  piltons  are  defcribed  in  this 

chapter  ;  cliitily  from  models  of  Englifli  manufa^ory. 
Porclng  puiDpi i      Chapter  17.  Of  forcing  pumps- 

lu  deferibing  the  different  kinds  of  folid  piflon,  the  author 
L  gives  the  preference  to  that  which  has  a  conical  leather  projefl- 

H  jng  on  each  tide ;  but  remarks,  tiiat  there  is  another  form  which 

^  has  ihe  advantage  in  the  III  ualion  of  tite  ring  for  receiving  the 

rod,  which  is  pi  i-cifeiy  in  the  centre  of  the  pifton,  ajid  is  there- 
matie  whhouc     fore  litter  for  communicating  motion  in  each  dire^ion.     Ha 
iwdichng.         f^j^_  ,],^j  ^.^^-^^  ,l,g  [jg^^j,!  1^  ^^^.11  p(,[i[],ed,  the  pifton  may  be 
ufed  witho'.it  either  wadding  or  leatlicr. 

The 


I  century  before  Chrifl,  by  Tbe  firft  pump 
whom  alfomufic  is  indebted  for*'"'""' 
Ir.  Eyielwein  mentions  in  fpeak- 
n  reilily  a  furtin^  pump,  as  may 
defcriptioti  by  Vilruvius  (L.  X. 

np^,  or  the  combination  of  fuck-  Mlicd  pionpi. 


I  ■      The  firft  pump,  mvenleJ  aboi 
Ctefibius  of  Alexandria,  lo  whi 
the  organ,  and  whofi-'nar 
ing  ol*  fucking  pump',  w 
«afily  be  collected  from 
cap.  12.) 

ChaptiT  18.  Of  mixed 
ing  and  furcing  pump<. 

When  the  lower  valve  is  above  tlie  furface  of  the  water,  iho 
forcing  pump  can  only  raife  ihe  waler  by  fuflion,  but  ihu  con- 
ftrufiion  remains  the  fame.  Such  is  Mr.  Buchanan's  patent 
ftiip  pump.  De  la  Hire's  pump  is  more  complicated;  both 
rhc  afceiiHing  and  defcending  f)roke«  of  the  pillon  being  made 
ffleflive,  by  meant  nfa  double  apparatus  of  valves  and  pi[)es. 
Chapter  19.  Of afting  columnsof  water.  '"fo 

The  mechanifm  of  a  pump  may  be  employed  for  convert-p„(r, 
ing  the  weight  of  water  defcending  in  iti  barrel,  lo  the  pur- 
pofe  of  working  another  pump.  The  author  defcribes  a  ma- 
chine of  ihii  kind  invented  by  Mt.  HoII,  and  improved  by 
Langfdorf,  A  fimilar  arrangement,  ufed  in  Cornwall,  has 
lately  been  dtifctibH  In  Nicholfoa's  Journal,  by  Mr.  Trcvi- 
Ihick.  The  only  objection  lo  it  appears  to  be  the  magnitude 
oflhcfriaion. 

Chapter  20.  Of  the  fpiral  pump.  "^^ 

If  we  wind  a  pipe  round  a  cylinder,  of  which  the  axis  is  i;,  f( 
horizontal,  and  connefl  one  end  vvidi  a  vertical  lube,  while  "p* 
the  other  is  at  liberty  to  (urn  round  and  receive  water  and  air 
in  each  revolution,  llie  machine  is  called  a  fpiral  pump.  It  wat 
invented  about  1746,  by  Andrew  Wirz,  apewterer  in  Zurich, 
and  wa«  employed  at  Florence  with  Bernoulli's  improvement, 
in  1779.  At  Archangellky,  near  Mofcow,  a  pump  of  this  kind 
was  ereflcd  in  173-I-,  which  raifed  a  hogOtC'ad  of  water  in  a  mi- 
nute,  to  a  height  of  7*  feet,  and  through  a  pipe  760  feet  in 
length.  The  force  employed  is  not  mentioned,  we  may  there- 
fore conjeflure  that  it  was  turned  by  water.  Mr.  Eyielwein 
enters  very  minutely  into  calculali-ons  of  the  efTecl  of  fuch  a 
machine  under  dilferent  circumftances ;  and  the  refults  of  the- 
ory, as  well  as  of  experiment,  are  fuch,  as  to  induce  its  to  ex* 
pe£l  that  it  will  in  time  come  into  common  ufc,  in  Head  of 
forcing  pumps ofa  morocomplicalcd  and  cxpenlive  conftroc^ 
tion,     The  water-tight  joint  prefenls  the  only  difficulty  :  the 

pipe 
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pipe  may  form  eitliera  cylindrical,  a  conical,  or  a  plane  fpiral- 
and  it  appears  to  be  uncertain  which  ii  thi?  moll  advanlageoui: 
the  veriicAl  pipe  (hoiiUl  be  nearly  of  the  fame  dinienfions 
as  liie  fpical  pipe,  whicK  may  without  difficully  be  made  of 
wood. 

ofArcbi-      Chapter  21.  Of  the  (crew  of  Archuni:d<;s,  or  the  walet- 

'  fnall,  and  of  the  waterfcrew. 

The  fcrcw  of  Archirwedes  confifts  either  of  a  pipewodnd 
fpirally  round  a  cylinder,  or  of  tne  or  more  fpiral  eiLcavations, 
formcdby  means  of  fpiral  projeflions  from  an  internal  cylinder, 
covered  by  an  external  coaling  fo  as  lo  be  water-tight.     Bui  if 

itxtr-  the  coating  is  detached.  To  as  to  remain  at  nCt  while  the  fpirals 
revolve,  the  machine  is  called  a  walerfcrew.  Mr.  Eytelwein 
enters  into  an  accurate  determination  of  the  eifefls  of  tliele  m«- 
cliines  in  given  circumftaiiccs,  and  the  refults  of  the  theory 
agree  remarkahty  weM  witli  experiment.     He  obfervei,  that 

fum^H.*  ^'^  '^'*^'^  '*'"  Aichimedes  ftiould  always  be  fo  placed,  as  to  fill 
cxaflly  one  half  of  a  convolution  in  each  turn  ;  and  (hat  very 
unlavourabtc  reports  havcfometimes  been  made  of  the  madiine 
from  want  of  attention  lo  this  circumllance  j  for  when  the 
oriUce  remain;  conHanily  jmmerfed,  the  efTefi  is  very  mpch 
diminiflied :  this  appears  alfo  to  have  happened  in  feme  late 
experiments  in  London.  Where  the  height  of  the  water  is  {o 
■variable  as  to  render  this  precaution  impoHible,  Mr.  Eytelwein 
prefers  the  waterlcrow  j  although,  in  Ibis  inftrument,  one  third 
of  the  water  generally  ruus  back,  ajid  it  is  eafily  clogged  by 
accidental  imparities  in  tjie  water.  The  fcrew  of  Archimedes 
U  generally  placed  fo  as  tu  form  an  angle  of  between  45°  and 
€0^  with  the  horizon ;  but  the  open  waterfcrow  at  an  angle  of 
30°  only  :  lor  great  heights,  the  Ipiral  pump  Is  prcfcraJble  to 
either. 

etwhuli.       Chapter  22.  Of  bucket  wheels  and  throwing  wheels. 

Id  the  cojiftnidimi  of  whuds  for  railing  water  in  backets. 
there  is  litde  room  for  reiined  theory  ;  whether  the  buclLeta  be 

"'Kg  iixed  or  fufpcnded  on  an  axis.     It  is  fomelimos  convenient  to 

*  roife  water  to  tiie  height  of  3  or  i  feet  by  the  revolution  of  ft 

wheel  with  fimpledoalboardsi  andfucha  wheel  may  be  either 
in  a  vertical  or  an  incliaed  polition  ;  it  mud  of  courfe  be  in- 
dofed  in  a  fweep. 

Chapter  23.  Of  cellular  pumps  and  paleroofier  works. 

a  Water 
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Water  lias  been  fometlraes  raifed  by  tluH.'d  cuOiions  con-Cellulu  pnmp*  ' 
neaed  with  an  endlefc  rope,  ^n^  caufed  li>  means  of  (wo  "i^^P*^""*" 
wheels  or  drums  lo  rile  in  fuccellion  in  tlie  lame  barrel,  and  lo 
carry  waler  witli  tliem:  but  Ihc  niagiiitudc  u{  Uie  ln£iion  ap- Tbe  chiin* 
pears  to  be  an  objcdion.     From  tlie  rtfemblance  oi'.  liie  appa.  f""e- 
ratus  (o  a  tiring  ufbeads,  itliosbceu  calle<iapateii)Q'l?i^[)^-  ^j 

Wheu  flat  buards  are  united  by  i;I)ains,  and  cm|)loyqd  tnllmd  of  ^^^ 

lliefi!  culhjonsi  thi:  machine  may,  willioul  iiiipropriety,  iie  called  ^^^H 

a  cellular  pump  ;  here  ihe  barrel  'a  generally  r^uare,  and  placed  ^^V 

in  an  incUned  pc^lion.     But  tliefe  macltines  are  very  rarely  ' 

employed.  I 

Ctwptief  94.  or  inflrusacnU  for  meafuring  the  vdooily  of  "* 

Areama  of  water.  .11' 

Tlie  lijpudiciai  velocity  of  a  Itretun  it  ttfcerlaine'i  wtlboul  TnfflroMor***, 
difficulty,  by  obferving  in  calm  wealher  the  molioi]  of  a  body  ^'loji^^f 
barely  floating  on  il.      But  it  is  mare  difiicuU  to  dtitcmiino  the  ItiCiiqiofwit^ 
velocity  ofa  river  at  a  conliderable  depth.     Pilot'i  tube,  as  im-  i 

proved  by  Buai,  fumilhes  one  of  llie  ealieft  methods.    A  funnel  ■• 

is  prefented  to  the  flreani,  and  the  waler  in  a  vertical  tube  con-  v 

neded  with  it,  is  elevated  above  the  level  of  (he  river,  nearly  I 

lothc  height  correfponding  to  Ihe  velocity  ;  but  the  refuU  will  ,j 

be  more  accurate,  if  Ihe  funnel  be  covered  by  a  plate  perforated  1 

only  in  the  centre  by  a  linall  urificQ  :  in  this  cafe,  the  elevation  i 

in  the  tube  niiJ  be  half  as  great  again  as  the  height  due  to  the  J 

velocity.  Olher  injlrumenli  for  appreciating  the  impulfe  of 
the  water  againU  a  flat  board,  require  Ibme  prcviou)  compara- 
tive obfcrvatiou.  In  Wollmann's  hydromairical  fly,  the  nuni- 
ker  of  revolutions  of  a  wliL'el,  inagivsn  time,  indicales  the  ve-  1 

locity  of  the  waler,  which  firikes  againft  two  inclined  planes, 
and  carriet  round  tlie  arm  (o  which  they  are  fixed. 

It  is  prefumed,   lliat   this  abridged  account  of  Mr.   E Jtcf- Condndlni  id. 
Rein's  book,  will  not  only  do  juftice  tohia  diiip-'iice  smit  tnge-  i 

nuity,  but  will  convey  to  Ihe  FjigiiOi  reader  Hiine  rr^att'.i  per-  '| 

feflly  new,  and  capable  of  frequent  appKcatinn  in  pr:iflical 
b}:dtWii^>  which  U  perhapa  of  the  more  value,  as  t;icrc  it  .      ,' 

jjtlle  prqbaijiliiy  that  thu  woik  » ili  be  tranllated  at  Ict.^iIi.  To 
dUTemliiate  iiifurnitil^on  of  this  Und  muD  always  be  tliu  pi'iu-  , 

.fip^  v\;^&.  vi  f"i  Journali  ol  llie  Jitoyal  Inllitution. 
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ExptrimtitU  and  Objivvatiom  on  certnin  fiony  and  rndtdliM 
SvlifioTwa,  Vikick  at  deferent  Timet  are  Jiiid  to  have  J'ullrn 
on  Ike  Earth ;  alp  on  various  Kinds  of  nutixe  Iron,  flji 
Edward  Howard,  J^.  F.  R.  S.  from  the  Philofnphical 
Tranfaaioai,  1S02. 

(Continuedfrmn  Page  Zfi3,  Poi.  If. J 

"■  J   PROCEED  toconfider  ihe  aflGftance  to  be  derived  from 

"ftDncTfilkn  OD  t^'i<^'"i'^ry  '"   diflinguifhing  Ihefe  fiones  from  all  oUier  Ltiowii 

the  «uch.  fubllances,  and  in  eAablifhing  tJie  alfertion,  tliat  they  have 

fallen  on  the  earth. 

Objeaioni  (o         The  analjfis  made  bv  the  French  academicians  of  the  flone 

Ih'i1^'/p«!  ptefenled  to  ihem  by'lhc  Abb<;  Baclielay,  was  in  part  con- 

fcnted  by  the  dufled  by  tlio  cvpr  lo  be.  deplored  Lavoilier ;   but  it  was  pcr- 

AtMBschelij,  formed  before  liiat  celebrated  author  had  enriched  chemjflry 

^_  witli  his  lall  difcoverics,  and  before  he  had  given  birth  to  tiie 

^M  fyftem  under  which  it  SouriOies.     The  refult  of  this  analyiis 

^k  might  well  Induce  the  conclufion,  that  tlie  fubjefl  of  Jt  wa« 

^^L  common    pyrilical    matl(.-r.      It    was    unforlunalciy  made  of 

^^t  an  aggregate  portion  of  the  Rone,  and  not  of  each  tliHinfl 

^^V  fubOance  irregularly  dilleniinated  through  il.     The   propor- 

^V  lions  obtained  were,  confcquentl)',  as  accidental  as  the  sr- 

^1  mngement  of  every  fubltance  in  the  mafs. 

^Lklutbitef  The   analyfis   of  M.   Barlhold,  of  iixe   Jlone  of  Enfiaieim, 

^b,Biidi<>ld.  jjf^bjefl  lo  the  fame  objcflion^:   but,  after  having  the  ad- 

^^K  vantage  of  the  foregoing  defcriptions,  the  refcarches  which 

^^H^  y>,.  follow    cannot    be    fuppofcd   altogether   liable    to   a  fimitar 

^^F  faUlily. 


EXAMINATION  OF  THE  STONE  FROM  BENARES. 


Owniole"-  This  flone,  as  (he  Count  de  Bournon  has  already  remarked, 
5^'fr^B^  has  the  mofi  dininguidied  charaftcrs.  Indeed  it  is  the  only 
uiu.  one  of  the  four  fafficiently  perft'ft  (if  1  be  allowed  that  ex- 

prelHon)  to  be  fubjefled  lo  any  thing  approaching  to  a  regu- 
lar analyCs. 
The  blitk  mi'-      The  cnifl,  or  external  black  covering,  is  the  firfl  fubflance 
iB«MM*p*rt»   ^  which  the  atlcntion  is  naturally  direfted.     When  a  portion 
-■      ,      *  oF 
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vfthttcrufihad  been  Jelachfil  wilhaknifuor  a  lilc-,  and  finely  wu  dig c lied  in 
j»ulverjterf,  I  feparalcd  the  particles  aitraflable  by  a  magnci,  ■""""'  > 
and  digcftpd  ihe  unattraflaWe  portion  wiili  nilric  acid,  which  '^^^  "^ ''«« 

prerently  docompod'd  ;  bul,  owing  (o  a  flron>;  adherence 
«f  fomc  ol"  Ihe  inlLTior  and  tarlliy  parts  of  the  flofic,  il  did  not 
^iifei) tangle  llm  cdating  ur  mclallinc  part  wilhoul  fiiine  diffi- 
culty. The  acid  being  fiifhciendy  neutralized,  the  fululinn  was 
|»lled  Ihrooph  a  filler,  and  I'aiuiali-d  (o  exccfs  with  ammonia. 
An  aliuntlani  precipitate  of  oxide  of  iron  ivas  produced  ;  and.  The  iion  folu. 
when  this  oxide  was  feparatiid,  I  obliwved  the  faline  liquor  to  "°"  "^ 
Iwve  a  greeniHi  colour.  !  evupontcd  it  lo  drynefs,  and  n 
diflblved  Ihe  dry  fait  in  diftilli'd  waler.  No  precipilale  was 
■femed  during  the  evaporation,  nor  wa.^  the  colour  of  the 
folution  eiitifply  deftroyed.  U  appeared  to  mc  lite  a  triple  Ammonljcal  lu- 
AH,  defcribcd'by  Mr.  Hcnnfladt  *  as  an  uramoniacal  n'-'/^?^'"  ' 
<rale  of  nickel.  By  eNamlnation  with  prulfiate  of  ammo- 
nia, it  yielded  a  whililii  precipitate,  inclining  to  a  violet 
colour;  and,  by  various  properties,  1  wai  foon  conlirmed 
in  Ihe  opinion,  (hat  nickel  was  prefent.  Since  1  Oiall  have 
occalion  more  than  once  to  treat  of  the  triple  compound, 
aqd  fince  it  has  been  only  mentioned  by  Mr.  Hetmfladi, 
it  is  necelTary  now  to  detail  fume  of  its  didinflivc  charac- 

Tlie  fame  chemift  Informs  usj  that  the  three  mineral '^''*'"^'™''*" 

_   .  ,  .,,  .        ■    .       f      •!  1  -      .-  -  I  ItStenof  thii 

■Ctdi,  with  ammonia,  enter  into   fitnilar   combinations  wilh,|jp),  (^ 

nickel ;  and  I  have  oblcrved,  that  oxide  of  niikel  can  bv 

difToIved  by  nitrate  and  muriate  of  ammonia.     The  muriate 

feems  lo  lake  up  Ihe  lar^eft  quantity.     The  colour  of  thi<i 

Iblt  is  by  no  means  unitbrm :  it  it  romelinieo  grafs  green, 

violet,  rofe  cotuur,  inclining  to  purple,  and  I  have  feen  it 

«Irnofl  colourlefs.     It  feems  to  be  purple,  and  to  incline  lo 

rofe  colour  and  violet,  when  all  Ihe  oxide  of  nickel  is  not 

■united   to  both   acid  and  alkali,    but,    from   the  deliciency 

«f  fall,  is  held  in  folution  by  an  excefs  of  ammonia.     In  this 

lOfe,  evaporation,    of  courli;,  precipitates  ihe  nickel  in  the 

jRale  of  oxide,  which  is  of  a  whililh  gieeti  colour. 

The  nickel  cannot  be  precipUalcd  from  a  perfectly  formed  Tlieiiicltflii 

iple  fait,  by  any  reagent  I  have  tried,  except  by  a  prufliate,  ^J^j^)['*|,'j  J^  ' 

a  hidrogenized  fulphurt^t  of  ammonia.     Polalli  and  lime,  ashidroEcnlitd 

*  AnnalM  dc  Chimicj  Tom.  XXU.  p.  iOS. 
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woH  a*,  1  prefume,  othor  bodies,  (laixiin^  in  Ihe  oitler  of  sfS* 
itiiiet  bufnte  ammonia,  dccompofe  the  fait ;  but  the  nickel  U 
ttien  contiimed  in  fnluiion  by  the  difctigaged  aininonia. 
The  llqBid  wM  ^g  j^  ^^j-  be  imagined  ihat  I  liavu  occa^onally  met  with 
to  dcicf)  c-ippcr  '^p^r,  when  I  defcribe  a.  violet  or  purple  ammoniacal  folu- 
■fitnUI)«n  ti«n,  it  is  riglit  to  obferve,  lliat  In  avoid  this  error,  1  have 
'  vilher  T«[]iu.'ed  Ihe  liquor  to  a  neutral  Hate,  and  endeavoured, 

without  fucL'ef,  to  obtain  tirom  it  a  prccipilate,  with  a  folution 
of  liilpliurcied  hidrogcn  ga^^ ;  or,  by  adding  an  acid  to  flight 
eKcels,  and  immerling  a  piece  of  iron,  I  have  not  been  able 
lo  deleft  a  trace  of  coppi^r.  Thefts,  .iiid  many  other  trials, 
■M-hen  they  do  not  appear  lo  be  ninile  bt-lbre  the  eltimalion  of 
the  quantitlas  of  niclte),  have  been  conltaDlly  made  ati«r- 
ward*. 
T)|e<MtIn(  Bg(^  (^  return  lo  the  incruflation  or  coating  of  ibe  flone. 

Marly  mruliic,  ***  decompofition  of  the  niltic  acid  lliewcd  Ihe  pfefence  ol' 
■Bdbau  Dickei.  mailer  at  Icsft  nearly  metallic,  although  nut  attraftablu  ;  and 
the  o  Kami  nation  a  made  o\  the  liquur,  from  which  the  iron  was 
preripiraled,  Bfcertained  ihe  prefeiicc  of  nickel  beytmd  dif- 
fuh?.  The  difticiilty  of  obtaining  the  coating  ul' tha  lioDe,  ei- 
ther  diriinfl  from  matter  not  belonging  to  it,  or  in  j'uiicienl 
CfuantUy,  induced  me  to  relinquilh  iho  idea  of  attempting  to 
give  the  proportion*  of  its  conflitucnt  parts. 
The  Vhiv  Tiiu  ilnne  being  deprived  of  ill  covering,  the  fhining  par- 

^^"  "  '  '  liclei  ifpegtilwly  ililFeminaled,  next  demand  esamination,     I 
(ifft  examined   the  pyrites.     Theit  very  loofc  texture  made  it 
»sce*di"gly  difficult  lo  collef)  tlie  weight  of  16  graint,  which 
\va«  howuver   elfeaed    by   the  dexterity  of  the    Count  de 
Bourn  tm. 
wrre  digeft"!  in     I  djgelled  tb«fe,  at  a  lou'  heat,  with  weak  muriatic  acid ; 
dilgte  municje    which  atiod  gradually,  anil  difengaged  a  trifling  but  ftnfible 
quanlily  ol  lulphuretcd  hidrogen  gai.     After  feveral  hours,  I 
found  the  acid  difconlinued  its  adion.      The   whole  metalline 
It  diiToWrd  ihe  part  appeared  in  folulioit ;  but  fulphur  and  car  I  by  particles 
""j'd'ihe'f  I-  were  obfervable.    The  fulphur,  from  its  fmall  fpecilic  gravity, 
phur,  and  (lie     was  fiifpended  tlirough  the  folution ;  whiljl  ihe  earthy  matter, 
f'lJ'id'"'"^''    *■*''*'*'  "•"'''  "*"  ^  fcparaled  by  mechanical  means,  wai  for- 
tunately leil  at  the  bottom  of  the  digellinff  veflel,     1  decantod 
off  the  folution,  holding   fufpcnded  the  fulphur;  and,  by  re- 
peated walhiiig,  fcparaled  every  tiling  belonging  to  the  py- 
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.fim  from  (he  inUofak  earthy  maltcf,  the  fubtra Aion  of  iwfiich 
reduced  (b«  weight  of  .real  pj^riles  ta  14  grams,     i  aext  ob- 

.tamed  the  fulphar,  by  filtration.  When  it  was  as  dry  as  I 
(XNiid  make  it,  without  fear  of  its  being  fublimed,  its  weight 
was  two  grains.  To  the  filtrated  liquor  i  added  nitrate  of  ba- 
rytesj  by  way  of  detei^ing  any  fiilphuric  acid  which  might  have 
been  proTent ;  but  no  cioudinefs  enfued,  I  then  feparated, 
by  fulphftte  of  amtioaia,  the  barytes  thus  added,  and  precipi- 
tated th^  iron  with  aanmonia.  The  licfUor,  on  the  fubfidence  The  netab 
of  oxide  of  iron,  appeared  of  a  riolet  purple  colour :  it  con-'*"*""*^  ^'"'* 

BlClCfil  * 

latned  nickel,  which  i  threw  down  with  fulphareted  hidrogen  ' 
•  gas,  there  being  already  a  fufiicient  excefs  of  ammonia  in  the 
faiUne  liquor  to  form  an  alkaline  hidrogenised  fulphuret.  The 
oxide  of  iron,  afler  ignition,  weighed  15  grains;  and  the  ful- 
phuret of  nickei,  reduced  to  an  oxide,  weighed,  afler  the 
fame  treatment,  fomelhing  more  than  one  grain.  The  pro- 
portions of  the  fubfhmces  contained  in  the  pyrites  of  the  (lone 
itom  Benares,  viay  therefore  be  conddered  nearly  thus . 

Sulphur  .  •  «  •         .  2     Component 

Iron lOi   P*rtt»  fuiphur, 

*    much  iron,  nic« 
Since  15  grains  of  the  oxide  reprefent  about  that  quan-         ktU  and  earth. 

tityofiron. 

Nickel,  nearly  .  •  «  .         1 

Extraneous  earthy  matter  n  -  2 

It  is  obfervable  that,  not  with  (landing  the  lofs  appears  to  be  Remtrki. 
only  half  a  grain,  it  was  probably  more,  becaufe  the  fulphur 
could  not  be  reduced  to  the  fame  (late  of  drynefs  in  which  it 
exided  when  in  combination  with  tlie  iron  ;  not  to  fay  that  it 
was,  in  a  fmall  degree,  volatilised  with  the  hidrogen  gas  dif- 
engaged  during  the  folution. 

The  weight  of  nickel  is  a  mere  edimation.  We  are  not  yet 
fufficiently  acquamted  with  that  metal  to  fpeak  of  it  with  ac« 
curacy,  except  as  to  its  prefencc.  Upon  the  whole,  how- 
ever^ it  may  be  concluded,  that  thefe  pyrites  are  of  a  very 
fxirticular  nature;  for,  although  Henkel  has  obferved  that 
fulphur  may  be  fcparated  from  pyrites  by  muriatic  acid,  it  Is 
by  no  means  the  ufuai  habitude  of  pyrites  to  be  of  fuch  eafy 
ilecompofition. 

The 


I    p2  OW    STONY    AND    MBTALIISE    SfSSTANCE* 

The  other  fliin-  The  Other  fliining  parlicles  iraniedialely  feen,  when  ihe  m- 
b|  r.Ifc.'ble'*"  '*-""'^'  "'■"*''"■<=  of  the  none  h  expofed,  are  the  malleable  iroit. 
Before  I  Jlatu  llie  examination  of  ihis  iron,  I  muft  remark, 
that  prehminary  experiments  having  iliewn  me  it  contained 
nickel,  I  treated  feveral  kinds  of  the  moil  pure  irons  I  could 
obtain,  with  nitric  acid  ;  and  precipitated  the  oxide  from  the 
metallic  fait  by  ammonia.  71]b  c[Uantity  of  oxide  I  obtained 
from  1 00  grains  of  iron,  was  from  I  ii  to  1 16.  I  may  confc 
(jucntly  infer,  tliat  100  grains  of  pure  iron  acquires,  by  fuoh 
a  prot'efs,  +5  grains  of  oxigen  ;  and  that,  whenever  a  metal- 
lic Cubl^ance,  fuppofed  to  be  iron,  does  not,  under  the  fame 
circuni fiances,  acquire  tlie  fame  proportionate  weight,  fome- 
thing  is  either  volatilized,  or  left  in  folution.  Hence,  when 
a  metallic  alloy  of  nickel  and  iron  prefenls  itfelf,  a  judgment 
may,  at  leali,  be  formed  of  the  quantity  of  nickel,  by  the  de- 
ficiency of  weight  in  the  precipitated  oxide  of  iron. 
veredllTolvediii  This  mode  of  treatment  was  not  allowed  me  in  the  exam! - 
jirectp'""''  >>/  "^''°"  "'"  '^^  coaling  of  the  ftone,  becaufe  it  was  irapofTible  to 
«ininoijia,  know  in  what  flate  of  oxidizement  the  iron  exifled.     But,  a& 

the  particles  dilfeminated  through  the  whole  mafs,  are  clearly 
metallic,  a  very  tolerable  idea  of  the  quantities  of  nickel  con- 
tained in  them  will  be  obtained,  by  noting  iho  quantity  of 
oxide  of  iron  feparaled,  as  above  defcribed.  Q5  graini  of 
thefe  mctalhc  particles  were  therefore  healed  with  a  quantity 
of  nitric  acid,  much  more  than  fufficient  to  difTolve  the  whole. 
Some  earlliy  niat(er,,wliich,  as  in  a  former  cafe,  was  not  fc- 
pamble  by  mechanical  means,  remained  after  a  complete  fo- 
lution of  the  metal  had  been  eflefted.  This  earthy  matter, 
after  being  ignited,  weighed  two  grain*.  The  real  matter  of 
,  the  prcfent  examinalioii,  was  therefore  reduced  to  23  grains, 

and  was  in  complete   fululion.     I  added  ammonia  to  a  very 
li^fible  exccfs.     The  oxide  of  iron  was  thereby  precipitated, 
and,  being coUe^ed and  ignited,  it  weighed  S-V  grains;  where- 
as, according  lo  my  experiments,  33}  grainii  fliould  have  been 
produced  from  the  folution,  had  it  contained  nothing  but  iron. 
which  left  njckell  examined  the  falinc  liquor,  when  free  from  ferruginous  par- 
in  iripie  folution  ude,,  and  dilcovered  it  to  be  the  (Hple  fait  of  nickel.    Hence, 
auimiiy  wat  cr.  3l'<>'^i>>g  ^°^  '''^^>   ''^'^  quantity  of  nickel  may  be  ellimaled,  by 
dnwcd.  calculating  the  quantity  of  iron  contained  in  2\  grains  of  oxide.  - 

Thu«,  ifl^j  grains  of  oxide  contain  tOOof  iron,  about  1^ 
arc  contained  in  '2i  of  oxide.     This  would  fappofb  llie  US 
grain 


.  of  alloy  to  confift  of  1 GJ  iron  and  b\  nitkfl ;  wliicb,  if 
tbeufual  lofs  be  added  lo  Ilie  16|  grains  of  iron,  anddeduded 
ffiom  iht:  nickel,  may  not  be  very  remote  tinm  the  truth. 
■  I  (hail  next  examine  the  gUibular  bodits,  aifu  irregularly  TheglobutMbB- 
^iBTperfed  throughout  the  (lone,  A  immbtT  of  ihem  were  re-  ,h"ughrfir; 
ttoced  to  fine  powder;  but  nolhing  melallic  could  be  fcpa-ftont,  eibiWtti 
^ed  by  the  magnet.  Aa  a  preliminary  experiment,  I  fougiil  j""^'"*  "^' 
ipr  pyrites,  by  digeftioa  with  muriatic  aciil ;  but  no  hepatic 
rjmell  wai  in  the  leafl  perceivable,  nor  wa!<  white  ratbonatc  of 
d  at  all  altered  by  being  held  uvur  tiie  mixluri;.  1  ihcrel'ure 
conclude  lliefe  globular  bodies  do  not  cnvclo|>e  either  iron  or 
^jirite).  By  way  of  analytic,  1  irealc-d  iUO  grams  with  p01-An>]yfii> 
i^,  in  alilver  crucible;  and,  after  the  ufual  application  of  % 
red  heat,  feparatiNi  as  much  filica  s«  puifible,  bv  niurifttic  acid 
evaporation.  The  filica  being  collefied  on  a  filtre,  car- 
bonate of  polaQi  was  added  to  the  (iliraled  liquor  ;  by  which 
t  precipitate,  almoll  wholly  lerruginous,  was  produced.  This 
pr«cipilate  was  collefted  in  tlie  coiunion  way  ;  then  boiled 
Willi  po  la  111,  to  e\tra£l  alumina;  and,  by  fupcrlaturating  tile 
alkaline  liquor  with  muriatic  acid,  and  precipitating  by  car- 
bonate of  ammonia,  an  earth  was  galiieied,  which  I  aller- 
Vards  found  to  be  partly,  if  not  intirely,  filiceous.  After  ce- 
^ilTolving,  in  muriatic  acid,  the  portion  of  the  ferrugiiiciua 
mmlter  rejected  by  the  poi^Qi,,  I  precipitated  by  ammonia, 
what  1  look  to  be  intirely  mide  of  iron  ;  but,  after  igniting  it, 
and  again  attempting  to  redilfolve  the  whole  in  muriatic  aciJ, 
filica  was  left.  The  non-cxifiencc  of  lime  was  proved. 
by  the  addition  of  carbonate  of  ammonia,  immediately  aller 
Ae  fame  alkali,  pure,  had  tlirown  down  what  I  took  wholly 
JOT  oxide  of  iron.  I  had  now  obtained  every  tiling  in  the  fub- 
jc£1of  ray  analyiis,  except  mngneiia  and  nickel.  Tlie  former, 
a  trace  of  the  latter,  were  held  by  carbonic  acid  in  the 
Equor,  from  whicli  the  ferruginous  precipitate  was,  in  die  Ritl 
inRance,  thrown  down  l>y  carbonate  of  potalti ;  and  the  latter 
was  found  in  the  laft  named  muriate  of  ammonia.  I  difengaged 
tiw  magneGa,  by  the  affiftance  of  potafli,  anJ  by  evaporating 
todrynefs.     The  oxide  of  nickel  was  precipitated  by  hidrogu- 

IIBed  Ailphurcl  of  ammonia. 
Under  all  circumllance<,  [  um  induced  to  llatc  Uip  propor-  CaaftitBue 

tons  (jf  conflitueut  parts  thus ;  *"" 


nenc  I 


I    METALLINE    lOBtTAVC 


Oxide  of  Iron  ..-$*■ 

Oxide  ol  nickel  .  ,  .         qL 


n 


Theexceriofweiglit,  inftcad  of  Iheufaal  lofs,  is  owin^  t9 
the  diflereiicc  of  oxidizemcnt  of  the  iron,  in  Ihe  ftone  and  in 
the  rcfalt  of  the  annlyfis  i  -which  will  be  found  to  be  the  cafe 
in  all  analyfes  of  ihtfe  fubflancc*  ;  indeetl  it  is  always  neccf- 
Giry  to  reduce  the  oside  to  the  red  {late,  as  bein|;  the  only  one 
to  be  depended  upon.  To  avoid  lulurc  Ti'pctition,  1  flKillsiro 
obferve,  liift,  that  by  preHminary  cxperimeiitu,  I  could  not 
deleft  any  other  fufallaiice  than  Ihofe  mentioned.  Secondly, 
that  the  earth  obtained  a«  alDmina,  appeared  to  me  to  be 
moflly,  if  not  intirely,  filiccou*)  becaufi',  after  it  had  been 
ignited,  and  again  Ireated  with  potalli  and  muriatic  arid,  I 
found  it  wa»  very  nearly  all  precrpitaied  by  evaporation. 
Thirdly,  I  examined,  and  judged  of,  the  (ilica  coHefled  from 
the  oaidc  of  iron,  in  the  fa-me  way.  Fourthly,  the  weight  of 
tiie  magnefia  is  given,  not  immediately,  as  obtained  by  eva- 
poration, but  after  a  I'ublcqueut  folution  in  an  acid,  and  prcv 
cipjtation  by  polalli.  And,  fifthly,  llie  proporlions  ore  taken 
from  the  meatiof  Iwn  analyli;s. 
The  t»nhy  an.  Nothing  remains  lo  be  examined,  of  the  ftone  from  Benares, 
triiwwment.  except  the  carlhy  matter,  forming  a  cement  or  matrix  for  the 
I  fubftanccs  already  examined.     100  grains  of  this  matter  were, 

■  by  mechanical  meant,  leparated  ai  perfeflly  as  poflible,  from 

the  pyrites,  iron,  and  globular  bodies,  and  analyfed  as  above. 
The  mean  refult  of  Iwoaiwdyrci  gjve. 
In  componeni  Silita  -  -  •  -  48 

P""-  Magncfja  -  -  -  -18 

Oxide  of  iron  .  -  .  s+ 

^  Oxide  of  nickel  .  .  .  ^I 

I02| 
StoMfrom         EXAMINATION  OF  THE  STONE  FROM  SIENNA. 
''°"'  Tlwesternal  coating  of  thiii  ftime  appeared  to  have  the 

lame  charaflcrs  as  that  of  the  ilonc  from  Benares. 

The 


k 


»ALLB«  OK   THE    BARTtl.  $§ 

ThepyriteSj  although  certainly  prelent,  were  aot  cryfial* 
liaed  in  fuch  groups  as  in  the  preceding  (lone^  nor  could  thejr 
be  feparated  by  mechanical  meanfk 

The  attradable  metal  was  eafily  feparated  by  the  magnet ;  Jroa  and  nickel 
but  8i  .grains  only  were  colleded.     I  treated  them  with  nitric*"  j"  the  former 

•J       J  •  •  J-  r        XT       1  •   iniwncefrom 

ocid  and  ammonia,  as  in  a  precedmg  cafe.  Nearly  one  gramme  attnaaUc 
of  earthy  matter  was  infoluble ;  the  weight  was  therefore  re-  »eJ*^ 
duced  to  rather  lefs  than  8  grains.  The  oxide  of  iron,  preci* 
pitated  by  ammonia,  weighed  S  grains ;  and  the  ialine  liquor 
gave  abundant  indications  of  nickel.  As  8  grains  of  this  oxide 
of  iron  contain  nearly  6  of  metal,  llie  quantity  of  niokel,  in 
the  bare  8  grains,  may  be  eftimated  between  1  and  2  grains. 
Some  globular  bodies  were  extracted,  but  too  few  to  analyze. 

Since  the  pyrites  could  not  be  feparated,  I  colle6led  150  Anafyfitofthe 
srains  of  the  ftone,  freed  from  iron  by  the  magnet,  and  as  ^ex-  ^***^  ^'^f^  "^^ 

.  g.  ,  magnetic  OMtal 

empt  as  poflible  from  globular  bodies.     Thefe  150  grains,  I  and  globular 

£rft  digefted  with  muriatic  acid,  that  the  pyrites  might  be  de-  ^^* 
compofed,  and  every  thing  taken  up  which  could  bedilFolved 
by  that  menflruum.  A  very  decided  difengagement  of  ful- 
pbareted  hidrogen  -gas  was  occafioned.  When  the  acid  oould 
produce  no  further  action,  I  coiie^led  the  undiflfolved  matiar 
on  a  filtre,  and  boiled  it  with  the  mod  concentrate  nitric  acid, 
in  hopes  of  being  able  to  convert  the  fulphur,  previoutty  libe- 
rated, into  fulphuric  acid  ;  but  my  endeavours  were  fruitlefs ; 
for,  upon  the  addition  of  nitrate  of  barytes  to  tlie  nitric  foki« 
tion,  rendered  .previoufly  tranfparent, .  a  very  infigniticant 
quantity  of  fulphate  of  barytes  was  obtained.  The  furplus  of 
barytic  nitrate  was  removed  by  fulphate  of  potafti.  I  next 
completely  edulcorated  the  mafs  which  remained  infoluble^ 
after  the  action  of  the  muriatic  and  nitric  acids  ;  and,  adding 
the  water  of  edulcoration  to  the  muriatic  and  nitric  liquors, 
evaporated  the  whole  for  filica.  I  then  fubmitted  the  mafs, 
undilfolved  by  tlfe  acids  and  the  water,  to  the  treatment  with 
potalh,  muriatic  acid,  and  evaporation,  which  was,  in  the 
firft  inftance,  applied  to  the  ftone  from  Benares.  The  ftrd 
precipitation  Was,  as  in  that  anal)  (Is  alfo  elle^ed  with  car- 
bonate of  potafti ;  but,  indead  of  endeavouring  imn>edimely 
to  extraA  alumina,  I  ignited  the  precipitate,  that  the  alumina 
or  filtoa  remamit^  might  be  rendered  infoluble.  After  tha 
ignition,  I  feparated  the  oxide  of  iron  with  very  conoeniratt 
mariatic  acid ;  and  the  earths,  which  were  led  per&^y  white* 

I  heated 


9S 


,y 


Its  component 
psrts* 


6}(   STOK^    AND    METAlLrNB    SVlT^TAKcSff 

I  heated  with  potafh,  until  they  were  again  capable  bT  beSi^ 
taken  up  by  the  fame  acid.  The  folution  fo  made,  was  flatly 
evaporated ;  and,  as  very  nearly  every  thing  was  depotited 
during  the  evaporation,  I  conclude  all  was  filica;  The  pro* 
portions  refalting  from  this  frngle  analyfis,  without  the  weight' 
of  fulphur  contained  in  the  pyrites  irregularly  difleminated 
through  the  whole,  were. 

Silica  -  -  -  -  7(J 

Magnefia  -  *  -  -     34 

Oxide  of  iron  -  *  -  52 

Oxide  of  nickel  -  -  .  3 


The  Hone  from 
Yorkfiiifc* 


Gonpooent 
ptfti* 


The  ftone  from 
Bohemia. 


139. 


EXAMINATION  OF  THE  STONE  FROM  YORK- 
SHIRE. 

The  mechanical  reparation  of  the  fub(^ances  in  this  ilonef 
being  as  diflicult  as  in  the  preceding  cafe,  I  vras  neceflarily 
fatisiied  with  fubmitting  it  to  the  fame  treatment.  I  colieded, 
however,  34  grains  of  malleable  particles ;  which,  by  ther 
procefs  already  more  than  once  mentioned,  left  4  grains  of 
earthy  matter ;  and,  by  yielding  37  f  of  oxide  of  iron,  indi- 
cated about  4  grains  of  nickel. 

150  grains  of  the  earthy  part  of  the  ftone  were,  by  analyfis^ 
refolved  into. 

Silica  -      •      •  -  -  75    . 

Magnefia  -  .  -  -       37 

Oxide  of  iron  .  -  -  43 

Oxide  of  nickel  .  -  -  2 


162. 


EXAMINATION   OF   THE   STONE   FROM 

BOHEMIA. 

The  probability  of  never  being  able  to  obtain  another  fpef* 
cimen  of  the  very  remarkable  fragment  of  this  fubftance,  did 
not  allow  me  to  trefpafs  more  on  theliberality  of  Mr.  Greville, 
than  to  detach  a  fmall  portion.  I  found  it  of  iimilar  compofi« 
tion  to  tliat  of  the  three  preceding  Hones ;  and  the  Count  de 
Bournon  has  already  (hewn  the  proportionate  quantity  of  the 
attra^able  metal  to  be  very  condderable.     I6f  grains,  left  2^ 

of 


rjtLLBH    ON   THE     CASTH. 

■fextnrueoui  earthy  matter ;  and  yielded,  by  l)ie  treatment 
wilb  nitric  acid  and  ammonia,  I7i  grains  of  oxide  of  iron. 
This  would  leem  to  iuduceaneilimation  of  1^  of  nickel  in  l-V 
■faias,  or  about  9  per  cent, 

■    35  groins  of  the  earthy  part  of  liie  ftone,  by  the  analytical  Coir 
treatment  of  the  two  former,  afiurdcd,  ''^ 

Silica  .  .  _  .  25 

Magnefia  -  -  -  -  9, 

Oxide  of  iron  -  .  -  23i 

Oxide  of  iitckd  -  -  -  J^ 

The  unufual  incrcafe  of  weight  in  the  result  of  the  three  lafl 
onalyfes,  notwithflandiiig  the  intire  lofs  of  the  f'ulphur  in  the 
pyrites,  is  obvioully  owing  to  the  metallic  Dale  of  ihc  iron 
combined  with  the  fulphur,  as  was  Oiewn  in  a  former  infiance. 

1   have   now  concluded  the   chemical  examination  oi  thefe  Remtrlcion 
^itr  extraordinary  fubfiances.     It  unforlunalely  differs  from  J^?!' 

ibe  anaJyAs  made  by  ihe  French  Academicians,  of  the  lione  tbote  rormerly 
ptefenled  to  Ihera  by  the  Abbt  Bachelay.  as  well  as  from  that"™''''!'''*"** 
asde  by  ProtelTor  Barlhold,  of  the  Hone  of  Enfilheim.  It  is 
Mt  variance  with  lliat  of  the  Academicians,  inalmuch  as  they 
£(iind  neither  magne&a  nor  nickel.  Jt  differs  from  that  of 
Mr.  Barthuld,  as  he  did  not  Gnd  nickel,  but  difcovcred  tcmie 
lime,  with  17  percent,  of  alumina.  With  regard  to  lliele  dif- 
ierences,  I  have  to  fubmit  to  tlie  cbemical  world,  whether 
nisgnelia  might  not  have  eludo^l  tiie  action  of  on  acid,  when 
Ae  aggregation  oi'  the  integrant  pails  of  the  Hone  was  not  de- 
Jboyed  by  treaimeni  with  potaQi.  As  to  the  exigence  of  alu- 
■iciiia,  1  do  not  abfulutely  denv  it;  yet  1  mull  obfervc,  that 
the  whole  of  the  earth  which  feemed  to  have  any  refcmblancc, 
bowcver  fmall,  to  alumina,  was  at  moil  3  per  cent,  and  there 
ieems  good  reafon  to  confider  it  as  fi  lica.  RefpefJing  the  ex- 
4fienceof  lime  in  the  flouc  of  EnbCheini,  I  mull  appeal  to 
'JrolieHbr  Bacthold,  whether,  fuppoliitg  lime  a  coniliiucnt  part, 
|^(^B(e  of  lime  Hiould  not  have  beeJi  formed,  as  well  as  ful- 
pkjite  of  magiiclia,  when  fulphuric  acid  was  generated  by  ig- 
mititlg  the  earths  and  pyrites.  And,  as  to  the  proportion  of 
^mina,  tn  the  fame  tlune,  I  would  alk,  at  leaft,  whether  u 
would  have  been  lii  confiderable,  if  the  loiutions  tbrmed  by 
4|dds,  after  the  treatment  with  potaQi,  had  been  evaporated 
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to  tite  requtlitc  diynefs:  ndt  to  obfcrvc  iLat  no  mention  U 
made  or  any  examination  oftbc  properties  of  the  earth  caiUeil 
sIuEiiiiia.  In  the  propoTlion  of  magnefia,  I  have  the  fatisbc' 
tion  to  find  my  analyfis  (.'orrefpond  very  nearly  witli  that  of 
FroluCToT  Barthold  ;  antt,  !f  what  he  conftdeced  alumitn  were 
fuppofcd  filica,  the  ilone  preTented  to  the  French  Academy, 
the  tlone  of  KnCt(tielm,  and  the  four  I  have  cxaniined,  would 
ig  agree  very  iwarly  in  filiceous  proportions.  With  refpeft  to 
"f  the  nickel,  I  am  confident  it  \vouId  have  been  found  in  all, 
I,  lad  ^^"^  ''■^  roclallic  particles  been  leparately  exaroined.  But, 
of  ce-  ivliatever  be  thefc  variations,  the  mineralogical  dcicription  of 
^jj  the  French  Academicians,  of  Mr.  Barihold,  and  of  the  Count 
Kc  de  Bournon,  all  evhihit  a  striking  conformity  of  charaGer, 
hiflcKical  «fti-  common  to  each  of  ihefe  ftones  ;  and  I  doubt  not  but  Ihc 
I.  fimilarity  of  component  parts,  efpccially  of  the  malleable  alloy, 
togetiiw  with  the  near  approach  of  the  confiilueni  proporliuii'' 
of  the  earths  contained  in  each  of  the  four  Aontrs,  ihc  imme- 
diate fubjefl  of  this  Paper,  will  eliablifli  xety  llroiig  evidence 
in  favour  of  the  airtirtioii,  lliat  they  have  fallen  on  our  globe. 
They  have  been  found  at  places  very  remote  from  each  other, 
Knd  at  periods  alfo  fullicienlly  dittaiit.  The  rnineralogills  ivhd 
have  examined  Uiem,  agree  that  they  have  no  refemblonce  tu 
mineral  liibltancet,  properly  fo  called ;  nor  hate  tliey  been 
defcribed  by  mineralogical  authors,  i  would  further  argeUir 
authenticity  of  accounts  of  fallen  Hones,  and  the  (imilarity  of 
circumflancee  attendant  on  fuch  phenomena ;  but,  to  the  im- 
partial it  would  be  fuperlluDas,  and,  to  tliofu  who  dllbelicvc 
whatever  iheyeannot  c^tplain.  it  would  be  fruittefs.  Aliemptx 
to  reconcile  occurrences  of  this  nature  with  known  principle^ 
of  philofophy,  it  is  true,  are  already  abundant ;  but  (as  the 
£arl  of  Brillol  has  well  exprcITedJ  they  leave  us  2  choice  of 
diflicuilies  equally  perplexing.  It  is  however  remarkable, 
tliat  Dr.  Chladni,  who  feems  to  have  indulged  in  (hefe  fpecu- 
lalions  with  mod  fuccefs,  fhoiijd  have  connefled  the  defceni 
of  ikllcn  liones  with  meteors ;  and  that,  in  the  narrative  of 
Mr,  Williams,  the  defceni  of  Ihe  Hones  near  Benares,  Ihould 
have  been  immediately  accompanied  with  a  meteor. 
I  Lunlooui  ip-  No  luminous  appearance  having  been  perceived  during  the 
f  !^"^f^j"^f''*  ^'^y  ""  "''''^^  '''^  "''"^  '*'"  '"  ■^'"'•^lli're.  it  muft  be  admitted, 
I  fttiril.  rather  militates  again/l  the  idea,  that  thcfe  Aunei  are  the  fub- 

iUnces  which  produce  or  convey  the  light  of  B  meteor,  or  tliat 
*  B  meteor 


* 
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Dieieor  nrnil  necenkrily  aocompany  them  '".  Yet  the  flonn 
from  Sienna  fell  amidft  what  was  imagined  lighfiting.  but  what 
fnighl  in  fealily  have  been  a  meteor.  Slones  were  alfo  found 
■ftor  ihe  meteut  feen  in  Gofcony,  in  Julv,  ITao.  And  Mr. 
fi^oonet,  in  (he  memoir  I  liavc  olr«iid}  quoted,  relatec,  that 
4bc  f?«ne  which  wa^  adored  ai  the  rootlter  of  the  gods,  wa»  ■ 
BtElilia  ;  and  that  it  iidl  al  tlie  feel  of  fhc  poet  Pindar,  eoi-o 
loped  ill  a  ball  of  fire.  He  alfo  obfcf^-es,  ihat  aJI  (lie  ficetiUa 
4ia(l  the  fame  origin. 

1  ought  not  perhaps   lo  fupprcfs,   that  in  eiidcavo^iring  to  Ettfli 
form  an  ariificia!  black  coating  on  the  interior  furlnce  of  one  f"''^^  "J^"** 
ot'lhe  fcones  from  Benares,  by  fending  o\-cr  il  the  eleflrical  biiik. 
chugeof  about   37  fquare  feel  of  ^bli,  it  wii  obieivtid   tit 
become  luminous.,  in  the  dark,  lor  nearly  a  qiiartei  ol  an  hour; 
iancl  that  the  tract  of  the  eleflrical  tluiJ  was  rendered  black. 
]  by  no  meaiQS  wilb  lo  lay  at)y  lirefs  upon  thi^  circumflance  ; 
for  I  am  well  aware,  thai  many  fubRaocei  become  luminoui 
by  elcflricily. 

Bui,  Aioujd  il  ever  be  difcovered  that  fallen  Hones  are  ac- 
tually Ihe  bodies  of  meteors,  it  would  not  appear  fo  probk. 
maticai,  that  fuch  malfes  as  thefe  ftunes  are  fomettmei  repre- 
fcutcd,  do  not  penetrate  further  into  the  earth ;  for  tneteort 
move  more  in  a  horizonlal  than  iu  a  perpendicular  direflion  j 
and  vre  are  as  abfolulcly  unacquainted  with  the  force  which 
impels  ihe  meteor,  as  with  the  origin  of  the  fallen  flone. 

Before  I  {.lofe  this  fubjeCt,  1  may  be  particularly  expeAed  Meteor  which 
to  notice  the  meteor  which,  a  few  months  ago,  Iraverfed  'he  ^^^l' '""I^^J^ 
county  orSulfolk.     It  was  faid,  that  pan  of  it  fell  near  Saint  bib. 
Edmundtbury,  and  even  that  it  fet  fire  to  a  cottage  in  that 
vicinily.     Il  appeared,  from  inquiries  made  on  (he  fpot,  that 
femething,  feemingly  from  the  meteor,  was,  wilh  a  degr^ 
sfreafon,  believ»si  to  have  fallen  in  the  adjacent  meadows ; 
but  the  lime  of  (he  combuHion  of  ihe  houfe  did  nol  correfpond 
with  the  momeni  of  the  mi^teor's  iranfition. 

A  phenomenon  much  more  worthy  of  attention,  has  fincc 
been  defcribed  in  the  Philofophical  MagaKinc.     On  the  night  ProJigtoui  ae- 
•ftlieSlh  of  April,  1800,  a  body  whollj  luminous,  was  feen, '""''"^"*"' 
!■  America,  to  move  wilh  prodigious  velocity.     Its  apparent 

*  In  ihe  account  of  (he  Aonc  which  fell  in  Portugal,  no  mentiDn 
k'lnade,  either  of  a  meteor  or  ilghming. 

H2  fixe 
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fize  WEL3  ihat  ofa  large  houfe,  70  feel  long;  and  its  elevatia# 
above  the  furface  of  (he  eailh,  about  200  yards.  The  liglil 
produced  eifcflo  little  (lioTtdfrun-bcams;  and  a  confideridilc 
d^ree  of  heat  was  felt  hy  ihofe  who  Taw  it,  but  no  eleflric 
renfation.     Immediately  after  il  difappearcd  in  the  north-wefl, 

(a  violent  rulliing  noife  was  heard,  as  if  the  phenomenon  were 
bearing  down  the  forefl  before  it  j  aiid,  in  a  few  fcconds  aller, 
there  was  a  tremendous  cralh,  caufing  a  very  fenfible  earth- 
quake. Search  being  afterwards  made  in  the  place  where  the 
burning  body  fell,  every  vegetable  was  found  burnt,  or  greatly 
fcorched,  and  a  confiderablc  portion  of  the  furface  of  the  earth 
broken  up.  We  have  to  lament,  that  the  authors  of  this  ac- 
count did  not  foarch  deeper  than  the  furface  of  tlie  ground. 
Such  an  immcnfe  body,  though  moving  in  a  horizontal  direc- 
tion, could  not  but  be  buried  to  a  confiderable  depth.  Should 
it  have  been  more  than  the  femblanee  of  a  body  of  a  peculiar 
uature,  the  lapfc  of  ages  may  perhaps  etfefl  what  has  now 
been  negleCled  ;  and  its  magnitude  and  folilary  liCualion  be- 
come the  allonillimcnt  of  future  philofophers. 
Cnncerning  ihs  This  leads  me  to  fpeak  of  the  folitary  mafs  of  what  has  been 
immenrt  mafi  oig(j|[gj  native  iron,  which  was  dilirovered  in  South  America, 
S.  America.  ^0^  harbeen  dcfcribed  by  Don  Rubin  de  Celis.  Its  weight 
was  xbout  ]j  tons.  The  fame  auUior  mentions  another  infu- 
lated  mafs  of  the  lame  nature.  The  whole  account  is  exceed- 
ingly intercliing;  but,  being  already  publiDied  in  the  Fhilo- 
fophical  Tronfaflions  for  the  year  1788,  it  needs  not  be  here 
repeated. 

Mr.  Proud  ha;  (hewn  the  mafs  particularly  defcribed,  not  to 

►  be  wholly  iron,  but  a  mixture  of  nickel  and  iron.     The  Tnif- 

tees  of  the  Biitilh  Mufeum,  who  are  in  pofleliion  of  fonie  frag- 
ments of  this  mafs,  fent  [o  the  Royal  Society  by  Don  Rubin 
de  Cells,  have  done  me  the  honour  to  permit  me  to  examine 
them ;  and  I  have  ^at  fatisfaflion  in  agreeing  with  a  chemill 
fojuflly  celebrated  as  Mr.  Prouft. 
»nd  that  cie-  The  coniicflion  which  naturally  exifts  between  one  mafs  of 

/Lribed  b)r  Pall jimgi^j^g  ji-^j^  g^^j  another,  immediately  turns  our  attention  to  the 
t\htT>'u,t     native  iron  in   Siberia,  defcribed  by  Pallas  and  this,  we  are 
js  ftlltn  from     told,  the  Tarlafs  coolidered  as  a  facred  relic,    wliich   had 
dropped  from  heaven.     The  nickel  found  in  llie  one  mafs, 
and  the  traditional  hillory  of  the  other,  not  In  compare  the 
globular  bodie*  of  the  Hone  Irom  Bcnarct  with  tlic  globular 
concavitiei 
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concavilies  and  the  eartliy  mailer  of  the  Siberian  iron,  tend  to 
(Jie  rormation  ofn  chain  between  I'allen  flonenand  ali  kiiidi  ol' 
native  iron.  How  far  any  real  afBnity  esifis  between  lliefe 
leveral  fubllances,  very  obliging  friend*  have  aftbrded  mean 
opportunity  to  form  fomejudgment.  I  am  indebted  to  Mr. 
Greville  and  Mr,  Hatchelt  lor  portions  of  alraoft  every  known 
native  iron :  and  the  Count  dc  Bournon  has  done  me  the  fa- 
rour  particularly  to  defcribe  them  as  follows. 

fTo  be  concluded  iit  ow  atxt.) 


On  the  Colows  obtained  from  Melaliic  Oxiden,    and  fix'd  b^ 

Means  qf  Fujum  on  different  Viireout  Badio.      By  Alex.  I 

Brqnonia&t,    Diredor   nf  the    Nalioiial   Mantifuctory  of  J 

Porcrlain  at  Simei,  Engineer  <^ Mintx  * ,  ^-t.  ■  , 

X  HE  arlof  einployin);  metallic  oxides  to  colour  the  drfitrent  The  «lour!n| 
vitreous  matters  has  been  long  known.     It  is  well  known  that  °f  S^^"  4  oi-  i 
the  ancients  made  coloured  glafa  and  enamels,  and  that  this  jj^",^' "''""  ,  ' 
art  was  much  praflifed  by  the  Egyptians,  who  were  the  firft 
that  imitated  precious  iiones  by  thefc  means. 

In  modern  times  the  practice  of  this  art  has  been  brought  to  The  theory  ntg-  I 
a  high  degree  of  perfeflion,  but  its  tlieoryhas  been  neglcded, ''^"''  1 

It  is  almoU  the  only  chemical  art  to  which  the  new  principles  ' 

of  Ibis  fcience  have  not  been  applied. 

In  the  numerous  works  which  treat  of  tlie  melhod  of  ufing  or  uionMui.      ] 
and  preparing  metallic  vitrifiable  colours,  the  authors  either  ,  j 

give  no  theory,  and  confequently  no  general  principles,  or  the  I 

explanations  are  founded  only  on  the  ahfurd  hypolhefea  whicli  'i 

formerly  compofed  much  of  the  theory  of  chemiftry. 


One  of  the  bed  publications  as  it  is  the  work  of  an  en- 
lightened praflician,  is  The  TreiUiji  on  Faintitiif  in  Enamel,  of 
MoBtami/.  The  archives  of  the  national  manulaclory  at  Sevres, 
likewife  contain  fimple  and  good  procelTes  lor  the  fabrication 
of  colours;  Bailly,  Fonielliau,  and  Montigny  are  the  authors 
but  they  are  fimpIe  defcriptions,  widiout  aiiy  obfervations 
lead  to  general  principles. 


■  Journal  dea  Mines,  I 


s  that  J 
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Kunckel's  work,  the  msnuicripts  of  Hdlot,  in  (lie  pnlTef- 
fion  of  the  manufactory  at  Sevres,  and  the  iwo  Encjdopat- 
dias,  preffnt  only  ati  undi^fterf  cnllcftion,  and  a.  multiiude 
of  precBfle*  colledied  together  from  all  qiiarler»,  without 
choice  or  reajon.  Wilh  a  flight  knawtadgc  of  the  art  it  is«q- 
fier  U>  invent  m  new  proeefs  of  fabrication,  than  to  difcovtir 
which  among  this  multituile  of  receipts  we  ought  to  preter. 

It  has  been  remarked,  thai  one  ot' the  mod  certain  cdterioni 
of  the  prugrefi  made  to  il:e  perfection  of  a  fcieucc,  h  tlie  pof- 
fibilily  il  leaves  of  are. nnioii  of  the  faifls  Ihal  compofe  it,  in 
B  body  of  doclrine  from  whieh  general  principles  may  be  de- 
duced. At  the  prefent  period  only  does  it  deferve  the  name 
of  a  fcience,  and  it  is  to  theexpofition  of  ihefe  principles,  iJiai 
the  ftriking',  though  inaccurate  name  of  liie  philofophy  of  fci- 
iilce  has  been  given. 

The  arts,  which  oftener  compofe  a  branch  of  fciencv,  than 
the  limple  application  of  one  of  its  part?;,  prefent  fafls  equally 
capable  of  being  united  in  a  body  of  doclrme;  they  will  attain 
this  valuable  degree  of  perfeQion  if  praflifed  by  men  accuf- 
(omcd  to  (race  the  connections,  and  deduce  the  confequencei 
of  [he  event)  that  pals  under  their  ohfervalion. 

Philofophers,  whofe  more  elevated  fpcculations  feclude 
them  from  the  praflJce  of  thefe  arts,  would  then  perceive  their 
principles  with  greater  eafe  ;  they  could  more  direflly  apply 
their  refearches  to  the  progrefs  of  Ih-  atl,  which  being  tlien 
direfled  by  reafon,  would  become  more  certain,  direct  and 
rapid  in  it!!  advancement. 

Being  convinced  that  the  art  of  preparing  and  uling  vitrifl- 
,  »ble  colours  h  fufceptibre  of  receiving  (he  application  of  the 
means  of  perfedion ;  and  that  the  fafls  of  which  it  is  com'- 
pofed  are  fufficiently  numerous  and  accurate  to  be  prefentcd 
In  a  general  outline,  I  have  concluded  that  the  precife  know-* 
ledge  of  Ihefe  fafls,  and  of  the  principles  which  unite  them, 
which  naturally  lead  to  an  explanation  of  a  number  of  the  re- 
fiiits,  might  be  inlereftitig  to  chemifls,  who,  being  occupied 
by  more  general  and  important  refearches,  cannot  attend  lo  all 
tbe  details  of  a  complicated  art. 

1  wilhed  likcwile  to  give  an  accurate  accour.t  of  the  princi- 
ples of  this  art  lo  chcmifls,  that  tliey  might  determine  willj 
certainty  on  the  new  operations  to  which  the  proceiTei  fiib« 
midcd  lo  Ih  fir  judgment  might  lead. 

JUflly. 
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i^Hiy,  I  ihougbti  it  would  ije  adv&ntag'^ous  la  ihu  projcrer^  ExhUMtioa  of 
e£theartj  and  (liat  U  was  iiicumbeiiliwi  I  lie  national  Manufac- ^^'i^jj^J^^,^ 
,jWy  at  Sevres  to  tiilcbfc  liie  ptelendeJ  fccfut  of  liio  compo- 
£Uon  of  colours  ibr  ^rcelaia  wl)icU  do  not  change  in  the  lire. 
ThcCe  col ourn¥«r« pre  1  elite d  totlie  Iitltitiile  in  (lie; ear  G,  hy 
s  inaimia^lurer.  of  porcelain,  juflU  admiral  for  tlie  beauty  of 
the  works  pioduced  at  liU  siajiuiaflory.  [  fliould  not  bave 
pobliAted  lliifi  rM;f«t  had  it  be«ii  giveu  to  me  in  cosJidroca, 
hut  as  U  i;i  kuowo,  1  hope  I  lliall  no  longer  be  fufpected  of 
the  leaii  breacii  of  integrity. 

Fr»m  what  has  b«en  faid,  it  will  be  feen  that  my  o!:>je£t  is 
n«t  to  give  theexa^  compofilion  of  all  Ihe  vitriliable  coloms 
at  full  Ivagih.  &ucli  a  work  c^ulduoLbe  the  fubjefl  of  a  (tra- 
.ple  memoir. 

Il  is  known  thai  loetallic  osides  are  the  bales  of  alt  vitriJia-  VinifiiWe  co- 
ble colouri ;  hitl  fome  of  the  melallic  oudeii  are  not  proper  fiw  |!"'|1","  ""^'j 
this  ufe;  and  as  they  are  not  vitriliable  witliouii  lome  aduix- 
lure,  tttey  can  feldura  be  employed  iJoue. 

The  very  volatile  oxides,  and  thofe  that  do  not  adhere  Not  thofe  which 
flroogly  to  tlie  ojtigea  they  contain  in  abundancs,  cither  can- ^^^,'°|."j|J^"- 
not  be  umplo|ed  ia  any  manner;  as  is  ibe  cafe  with  the  oxides  their  aitigtAj- 
,af  mercury  and  arli:nic,  or  clle  they  cAn  be  employed  only  b.« '""'' 
agents.     The  colour  they  afl'urd  cannot  be  depended  on,  ba- 
'SUifc  Ibey  lofe  iiC,  in  proportion  as  they  IpTe  their  oxigen  by 
ihc  IlighteA  heat.      Such  are  the  puce  and  red  coloured  oxides 
Afkad,  the  y«l!aw  oxide  of  gt^d,  &c. 

Thofe  oxide;,  in  which  the  proportion  of  oxigen  is  capable 
jof  being  varied  too  eafily,  are  fehUsni  employed.  The  black 
oxide  of  iron  is  never  employed  for  lliat  colour.  Tlie  green 
oxide  ol' copper  is  in  njany  circumftances  vw)  uncertain  in  its 
cffefl. 

1  have  reaiarked  (Iiat  the  oxides  do  not  melt  alone  ;  thougfi  Oiidts  cuuhi 
when  place<i  in  thin  Uyers  on  vitriliable  fubHani-e?    they  can  ^'  "'"^  *^'  * 
be  made  lo  adhere  by  rueans  of  a  violent  $re  ;  but,  with  ihe 
lexceplkmof  Ihe  oxides  of  lead  and  bifmuth,  they  aflbrd  only 
dull  colours.     The  very  violent  htat  which  is  frequently  re- 
quired to  &x  them,  chan};et  or  lotaliy  dellroys  their  culuuri.    i 
.Some  dux  is  llierefore  added  to  all  the  meiallic  oxides. 

This  flux  it  either  glali  of  lead  and  filex,  or  glafs  of  borax,  but  nquir«  ■ 

«.».c.reofboii..  £";,.S,"' 

IlsCJei,  aadinru. 
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The  ilu«  file*  Its  general  effefl  is  lo  give  brilliancy  to  the  colours  after 
raodef ah he»i ■  t^^ir  fufion,  lo  fi>i  Ihem  upon  the  piece  that  is  painted  by 
left  rh in  we u Id    fnfiening  its  furfacc,  lo  envelope  the  metallic  oxides,  to  prc- 

rrojr  ihe  ca-    fg^^.p  .[jpjj.  ^^\„^^  jjj,  deienrftng  them  from  the  contaft  of  the 
air,  and  particiilarly  lo  facilitate  the  fufion  of  the  colour  at  a 
flightly  elevaleti  temperature,  not  capable  of  deftroying  it. 
The  obfervalion  which  proves  this  latter  ufe  of  folvents  h 
taken  from  delicate  colour*,  fuch  &s  ihe  carmines  produced 
from  gold  ;  ihcfe  colourti  require  a  much  greater  proportion  of 
flux  than  the  others. 
Vtrytnnrient         Sometimes   ihe  oxides  are  direflly  employed,  and  fimply 
"'I'wHhthe  ™'^^  ^''^  their  folvents,  wiihout   hasing  been  preuioufly 
flui  witf.ui       rariled  with  it;  fuch  are  the  colours  which  the  violence  orr*. 
ptcYiou.  ii.Con.  p^,,i,;(,n  of  heal  would  alter.     It  is  eafy  fo  conceive  that  % 
ftronger  and  more  lathing  heat  is  required  lo  fufe  a  crucible  of 
L  _,  coloured  glafs  than  a  layer  of  colour,  which  is  not  the  tenth  of 

H  ■  nulliinetre  in  thicknefi. 

~  I  (hail  reiurn  to  [his  fubjefl  when  treating  of  the  red  colours 

obtained  from  gold. 

Otheri  »rF  fgfed      In  many  cales  the  oxides  are  previoufly  fufed  with  their  fol- 

witii  it  Mil  ihtP  vents,  and  aJierwatd';  grniind.     When  1  fpeak  of  colouri  in 

I     ■""    ■  particular,  I  Ihill  mention  thofe  which  are  fubjefled  to  this 

H  fufion. 

W  Tiiefc  general  principles  arc  too  flmple  to  require  farther 

explanalion. 
TTiit  wtiife  i"       I  ''''II  ""'y  fpeak  of  the  application  of  metallic  colours  to 
confined  tm-    yitreous  bodies  ur  iurfaces. 

cnVl^M"'"""  T)«^fe  bodies  may  be  divided  into  three  very  diftinfl  clafles, 
gWi.  from  the  nature  of  the  fubftance*  ihal  compole  them,  the  cf- 

Thtfe  ground)  k&s  pcoduced  On  them  by  the  colours,  and  the  changen  they 
«»  three.  undergo.     Thefe  arc, 

(itumd.        '    "*■  Enamel;  foft  porcelain,  and  all  the  glazes,  enamels, 

or  glades,  which  contain  lead  in  any  confiderable  quantity. 
1.  Hardpofcc-        2(1.   Hard  porcelain,   or  fuch  as  is  glazed  witli  leidfpar. 
Uin.  3d.  Giafs  in  which  there  is  no  lead,  fuch  as  the  common 

i  ■■  I  (hall  fucccffively  examine  the  principles  of  compofition  of 

L     thefe  colours,  and  the  general  phenomena  they  prefent  on 
thefe  three  grounds  or  fupporters. 
Colours 
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Cnloucs  for  enamel  painting  hove  been  longeA  known  :  \he  Eogmcl 
li.-4:cipls  in  ihe  works  I  liaie  mentioned  at  llie  b<.'ginning  "' j^^„, 
this  eiray  all  relate  to  lliefe  colours. 

It  is  known  tiwl  enamol  is  i  gkra  rendered  opake  by  oxide  Enand 
of  tin,  and  very  tuCble  bythoosideot  lead.  It  '* 'l"» '»*•  ^("Mrkr.X''^ 
Tvhich  in  particiilar  jtives  it  properties  vtny  dilterent  from  opikibjox.  tin. 
tliafe  of  dieotiier  excipictiti  of  metallic  colours.  Hence  all  llie 
glslTes  and  glazes  llml  contain  lead,  have  the  properties  of 
«naniel,  and  wliat  we  may  alfert  of'  the  one,  will  apply  to  the 
<»thc(  with  very  little  dilference. 

Such  aie  Ihe  wliite  and  Itanfparent  glazes  of  Duldi  ar  Delft  I"  '■  tkt  gtiweiif 
.ware,  and  the  ^Is/.e  ol  the  porcelain  called  foft  (Ititdrc.)  '    ^ 

Thi«  porcelain,  tlic  firft  made  in  France,    particularly  at  SoFt  poreeUa  af 
-Sevres,  and  indeed  fur  a  long  time  olmofc  esclufirely  al  tliis      "'' 
nianulactory,  has  for  its  bafe  a  vitreout  frit  nearly  opake,  ca- 
pable of  being  aded   upon  by  marl,  and  its  glaae  is  a  very 
tranfparent  glaf'  contaii^tng  much  lead. 

The  colours  made  ul£  of  are  the  fame  a«  tliofe  for  BOameU  Cotouri  the 
Jing.  confequently  the  clianges  tliele  colours  und.erga  in  ena-^"!^**  """ 
mel,  mult  take  place  in  this  fpecies  of  porcelain,  bccniife,  as 
we  fliall  fwn  fee,  tjie  caufcs  of  iti^  cliange  are  the  lamu  in 
both. 

Tlie  colours  for  enamel  and  tender  porcelain  requirs  lefsThelt  rtqnin 
flux  than  the  others,  becaufe  the  glafs  oil  whic-h  ihey  are  .  " "  V"" 
.placed,  foiWi  fuDicicntly  lobcpeiietrBicd  by  them,  fiiiii>ie. 

Thi'  folvent  may  be  either  the  mixture  ofglalsof  lead,  and  The  flux  htfan 
pure  iilex  called  rocoiUr,  or  thit  fame  glaft  roiled  with  llial  "■'"C"^''- 
. of  borax. 

Monlamy  fays  thai  glafs  of  lead  cught  not  tn  be  ufed  in  the 
-iinx  fer  enamel ;  he  employs  bora:i  alone.  He  tli<-n  dilute^i 
.or  makes  up  his  colours  in  a.  volatile  oil. 

On  the  contrary,  the  painters  of  the  manufafloryal  Sevres,  ciiTs  of  it*! 
life  only  colours  williout  borax,  becaufe  they  dilute  them  with 'lomSoMteri*!. 
giun,  and  borax  does  not  dilute  tvdl  this  way.  I  am  con- 
vinced thatbotl)  methods  are  equally  good,  anil  that  Monlamy 
it  not  jullified  in  excluding  the  flai^esof  lead,  a«  they  are  em- 
ployed without  inconvenience  every  day,  aiitl  even  render  the 
management  of  colours  more  eafy. 

I  have  remarked,  that  in  thj;  baking  of  ihefe  colours  the  The  IbftilHr 
glaze  i>  foftened  fo  much  a%  to  be  calily  penetrated  l>y  them  ;  *"'  tauck  di> 
this  is  one  great  caule  of  Ihe  change  they  undergo.     They  be<j,ut!. 
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conic  diiuted  by  the  mixlure  wtlh  the  glaze,  and  Uie  firft  life 
changes  a  painting  apparently   Giuflied,    into  a   very  iltglit 
(ketch. 
And  tbe  oxide        The  oxide  of  l«ad  contained  in  the  glaze  is  a  more  powwfut 
^'JlVo a  the™'  ""'^  "^^  '''^  g'^"*  change*  thefe  colours  undergo.     Itideftwo- 
tivQ  action  is  principally  exercifed  od  the  reds  of  iron,  atii  h 
very  remarkable.     1  (hall  relate  fome  experiments  diol  part>< 
cularly  prove  this. 
Tbefe  colouri         h  lias  alrcatly  been  (hewn  lliat  the  two  principal  (;auri»  of 
fcMcelVchinec-  '''^  change  which  colours  on  enamel  and  tender  porcelain  un- 
■Mc,  «c«p(       dergo,  do  not  relate  to  the  compolition  of  thefe  colouu,  but 
ftom  ihe  S'^^  jnlirtly  to  the  nature  of  the  glafs  upon  which  they  areplaced, 
upon.  The  alTertion  lliat  the  colours  of  porcelain  are  fubjeft  lo  confi. 

derable  change,  ri^latcs  lo  the  colours  of  fof^  porcelaiD,  {puree- 
lain  tendre)  a  fpeciei  of  ware  now  almofl:  totally  abandoned. 
The  pimilT>Ei         It  follows  froDi  wliat   I  have  fatd,  that  the  paintings  of 
bMPtc  mt mion-  pofcejajjj  acquire  to  be   feveral  times  re-totidied  and   burned, 
isuchinfup.       in  order  topolTet  the  necefTary  (IrcngLb.     Though  thefe  paint- 
ing!'have  always  a  certain  foftnefi,  ihcy  are  coiiAantly  more 
brilliant,  and  never  fnbjeft  to  tho  inconvenience  of  fcaling  otT. 
Htid  parccilin  j      The  hard  potcelain,  according  to  the  dLvifion  I  have  laid 
Tu  f'"'      down,  is  the  fecond  fpccics  of  ground  or  excipicDt  fortiteme. 
tallic  colours.     It  is  known  thai  tlie  bafe  of  this  porcebin  is  a 
very  white  argil,  called  kaolin,  miscd  with  a  filiceous  uid 
calcareous  folrent,  and  the  glaze  of  which  is  nothing  but  fold 
fpar  fufed  without  an  atom  of  lead. 
Of  orSuonv,         This  porcelain,  which  Is  that  of  Saxony,  is  of  much  talqr 
_  date  at  Sevres  than  the  foft  or  tender.     The  colours  employed 
in  lilt  glue  ^e  of  two  kinds,  the  firfi  ufed  for  reprefenting  diiTerent  ob> 
or  [Hinting  en-  jeas,  are  baked  with  a  very  inferior  fire  to  that  required  for 
the  baking  of  the  porcelain  rtlelf.     Thoy  are  tfery  numcrout 
and  varied, 
•r  benciih  it  ]        Tlie  oiiiers,  which  require  to  be  fufed  al  as  great  a  heat  as 
or  groui'l  <*"•     thai  for  baking  the  porcelain,  are  laid  on  the  general  fur- 
■""'•  face.     They  are  much  left  numerous. 

The  colour.  f«  The  colours  for  painting  are  made  up  very  nearly  of  the 
piinting  «'e  fame  materials  as  thofe  for  tender  porcelain  ;  they  only  cori- 
""wihc'la™  '^'"  """■'^  '^"^-  "^^'^  '•'*''  "  compofed  of  the  glafs  o)'lead, 
pcaxciiinj  but  (called  rncaiUt:)  and  of  borax.  I  have  not  yet  met  with  any 
cMuinnure  ^^^^  j^^,  treats  of  the  compoTition,  ufe  and  efTeas  of  tliefe 
ilours.     In  fafl,  it  has  no  where  been  alTerted  in  print,  thai 
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I  [Jlefc  colours  except  one  are  uiicliang cable  in  ihe  firc;The  flm  iigUO 
iiereas  it  has  been  often  afferied  in  booLs,  (hat  paintings  '""ji"  *"     "' 
laniel  are  fubjefl  to  conCderablc  change. 

When  the  porcelain  is  put  in  tlic  fir*  to  bake  the  colours,  the  The  h.id  ghte 
Id  fpargkze  dilates  and  opens  its  pores,  but  does  nol  become  j|(,j,"°jj""jj™' 
k.     As  the  colovri  do  not  penetrate  it,  fhcy  are  not  fubjeA  laun, 

(he  chaDget  tiiey  undergo  on  tender  porcelain.     It  niafl 
mevcf  be  obferved,  that  they  lofe  a  little  of  ihelr  intcnfily, 
t|)ract)uiring  Ihe  traniporence  gli'en  them  by  the  fiiGon. 

When  works  of  little  importaiice  are  made  ihey  need  nolfo  tHstonlnfioi 
be  re-touched  ;  but  (his  is  necetlaiy  when  a  painting  is  to  be  J^u'thlng'  *  "" 
^bly  liniJbed.     Tliic  re-louching  is  not  difliiijruifhable  in  the 
fainting*  on   porceJain  IVom  that  of  any  other   fpecie*  ot' 
Minting. 

"       of  the  great  inconveniences  of  thefe  colours,  it  the  faci-  The  coJourt  art 
Bly  with  which  they  li^le  or  fly  off  when  tiie  fire  is  often  »p.  'P'  ^  ^^^ 
phed. 

Thit  has  been  particularly  remstiked  at  S^re*,  on  accoant  Hird  foruliin  t> 

«fthefoIidity  and  infiifibility  with  which  porcetain  is  "'^'"e^'^^^"'' 

nutaAiired.      But  thefe  qualities  caufe  it  to  refill  the  aller-chjnE»ofb«t 

;ioni  nf  heat  snd  cold  for  a  longer  time,  and  givei  il*;  groutid '" 

^  more  brilliant  white  colour.     On  the  other  hand,  Ihe  pnrce- 

'"  In*  of  Paris  being  more  vitreous,   iranfparenl,  and  of  a  hlue- 

I  cafl,  generally  crack  if  boiling  water  is  fretjuenllv  poiiml 

.^n  them. 

In  order  to  remedy  thi'i  evil  without  altering  the  qualilv  of TIjc  fculing  !■ 
to  body,  1  lolieiied  tiie  glaze  a  little,  by  introducing  inoref"™J^^^ 
lliceous  or  calcareous  Siix  according  lo  the  iialate  of  the  feld  gliic. 

Thii  maltiod  fucceedcd,  and  tiir  thit  iweK-emnnth  pafl 
le  col*iirB  liave  puffed  two  and  three  tunes  lltrough  the  (ira 
itfaout  crat-king,  pri>vidi;d  there  be  not  (oo  much  flux,  and 
icy  be  not  laid  on  too  thick. 

It  has  been  remarked,  that  when  foda  and  poiafli  were  in-  ATkilia  actM 
feoduced  llie  colours  fcaled  ;  fo  that  [hey  cannot  be  iifcd  as  ^f^^!'  ?.^    - 
flmes.     Thefe  alkalies  being  volatilized  abandon  Ihe  colours, 
which  cannot  adhere  lo  ihe  glaze  by  ihemfelvei. 

I  have  obferved  thai  other  colours  arc  like  wife  prepared,  t^ol"""  t"  ^ 
vrinch  being  laid  upon  the  general  furface,  are  fufed  by  ihe  hakiS"by  ih* 
bmefire  as  bakej  ibe  porcelain.     Thefe  rolours  are  but  li^w  ;  hrltbte  itetcw, 
kecauHe  there  are  few  melnliic  oxidei  lliat  can  fupport  fnch  a 
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fire  Without  being  volatilized  or  difcolouTed,  Their  folvent 
is  thtjfeld  fpar.  Ai  lliey  incorporate  with  the  glaze  Ihey  ne- 
ver crack,  and  arc  more  brilliant. 

The  third  receptacle  of  mclaUic  vitiifiBblc  colours  it  glafs 
without  lead. 

Art  of  psinttog  The  application  of  ihefe  colours  conHilute;  the  art  of  paint- 
ing on  glafs ;  an  art  mucJi  pra^ifcd  in  former  ages,  but  which 
is  fuppnfed  to  be  loft,  becaufL-  out  of  faftiion.  It  however  too 
immediateiy  depends  on  the  art  of  painting  on  enamel  and 
II  not  loS.         porcelain  lo  be  intirely  loJI.     Defcriptions  of  the  procelfes  may 

alfo  be  found  in  many  different  works, 
Booki  in  which      A  book  inlitled,  L'Origiiiede  I' Art  do  la  Pcinture  Jkr  Verrt, 
OA  \^^'       V^^''^^^  at  Parii  in  the  year  1 693,  and  Le  Traiti  tk  I' An  it 
la  Cerrerie,  by  A'cri  and    Kiinckel,  feem  to  be  the  firft  workt 
r,  containing  complete  defcriplions  of  (his  art.     Thofe  publitfaed 

Letlel'i  Mirlc  ii  fince.  even  the  great  work  of  icriW,  which  conftitutes  part  of 
tioa"""      "   -^ '■''■'^  *■'  Alelkri  of  ihe   academy,   and  of  ihe  Encj/clopedic 
Methodi'iM,  arc  only  compilations  from  the  two  formet  worJi.s, 
Tfeethcn  if.        It  is  fofliewhat  remarkable,  that  if  we  follow  the  proceflet 
esaflly  as  they  are  defcribed  in  thefe  works,  as  I  have  done 

with  fome  of  them,  liie  cuiours  of  which  they  pretend  to  give 

the  receipt  would  never  be  fabricated.     They  only  ferve  (o 

(hew  an  able  practician  the   method,  and   leave  it   lo  him  to 

correfl  or  make  additions.     This  was  found  to  tie  the  rale  by 

Citizen  Mcraud,  who  wa-:  engaged  to  prepare  ihcm  for  the 

manuTaclory  of  Sf  vres.     He  was  obliged  to  make  the  colours 

for  painting  on  glafs  rather  from  hin  own  experience,  liun  from 

the  iiifirufiion^i  in  the  works  1  havejutl  mentioned. 

Tht  colour)  Tor       The  limits  of  a  memoir  will  not  permit  mc  to  enter  intohif- 

^fmeuVuir    ^'^^^*^*^  details  on  the  art  of  painting  on  glafs;  its  hiftory  itt 

enunel;  but       given  at  length   in  Leviel's  work;   the  materials  and   fluxes 

iarcxAfihtmin  wJij^h  enter  into  thecompolitionof  the  colours  for  painting  on 

ilieDpike  glafs.  are  in  general  the  fame  as   tbufe  applied  to  porcclaiii. 

(rouni  They  vary  only  in  tlieir  proportions;   but  a  great  number  of 

the  colours  ufcd  for  enauiel  and  porcelain  cannot  be  applied 

lo  glafs ;  many  of  them  when  feen  by  tranfmitled  light  intirely: 

change  their  afpe3,  and  exhibit  an  obfcure  tint  which  can  be 

of  no  ufe  when  deprived  of  the  white  ground  which  throws 

them  out.     We  Ihall  point  out  Ihefcivhen  we  treat  of  the 

colours  in  particular,     Tbofe  colours  wliich  can  be  ufcd  on 

llii« 
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tkii  body,  fometimea  change  in  the  baking,  and  acquire  a  great 
tnuifparence.  They  are  generally  beautiful  only  when  placed 
belwevn  the  eye  and  the  light,  and  then  they  anfwec  the  pur- 
pofe  intended  in  painting  on  glafi. 

There  is  more  difficuily  in  baking  plates  of  coloured  glafa  Dlfficultici  of 
than  is  commonly  thought.     The  bending  of  the  piece,  and  ^^^«  *'"''' 
alteration  of  the  colours,  are  to  be  avoided.     A\l  tiie  treatifcs 
we  have  con  fulled  recommend  ihe  ufe  of  gypfum.     This  me- On  ihe  ufml 
thod  Ibmetimes  fucceeded,  but  generally  the  glafs  became  !."'''"''f.f''P|.'' 
white,  and  cracked  in  all  directions.  It  appears  that  llie  glafles  of  tbe  glifi  ii  «[- 
that  are  too  alkaline,  and  which  are  for  the  inoft  common  in  '^^^'^^J^"" 
clear  white  glalTes,  arc  attacked  by  the  hot  fulphuric  acid  of 
the  fulphate  of  lime.     We  were  able  with  eafc  to  bake  much  Potceijin  hifcuit 
'"'■g^g'^<-'5"'anary  bctbre  painted,  by  placing  them  on  'f^y  fup™'        "^ 
(tnooth  plates  of  earth  or  unglazed  porcelain. 

Conetrning  thcfercral  particular  Colours. 

After  hscing  coUefled  the  general  phenomena  which  each  PinituUr  co- 
dafs  of  vitrifiabic  colours  offers  with  regard  to  the  bodies  on    ""' 
which  ihey  are  placed,  I  mud  Ihew  the  particular  and  moft  Jn- 
terelling  phenompna  which  every  principal  fpecies  of  culours 
employed  on  tender  porcelain,  on  glafs,  and  in  the  lire  that 
bakes  the  porcelain,  prefeiit. 

C'lncerning  llit  Rok,  PurpUs,  uml  VioUls  obiairndfrom  Gold. 

The  carmine  red  is  obtained  from  the  purple  precipitate  of  Cirmiociei 
Caflius.     it  is  mixed  with  about  Wk  part*  of  its  flus,  and  this  '""<"'''' 
nixture  ii  dirc^ly  employed  without  being  fir  It  liifed.     It  is 
tlien  of  a  dirty  violet,  but  acquires  the  beautiful  carmine  by 
baking.      It  is  however   very  delicate  ;  a  little  loo  much  heat '»  very  perift- 
OT  carbonated  vapours  eafily  fpoil  it;  yet  it  is  more  beautiful'  """"""» 
when  baked  with  oliarcoal  than  with  wood. 

This  colour  and  the  purple  which  dilfers  Httle  from  it,  as"vcllHltt 
well  as  all  (lie  fliadeswhichare  obtained  from  their  mixture  with        '" 


other  colours,  really  change  in  all  porcelains  and  in  the  hands 
of  all  operators.     But  this  is  the  only  one  that  changes  on  hard  It  ii  theooVio- 
potcel^n.     U  may  be  replaced  by  a  fubftitution  of  rofe  colour  I^"!,!,^*'^*'' 
fiom  iron,  which  does  not  change;  io  that  by  excluding  froiuliini  ' 

Ae  pallet  llie  carmins  made  from  gold,  and  fubltituting  ths 

lofil- 
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ud  mi]'  be  rofc^oloured  oxide  of  iron  here  fpoken  of,  we  have  a  paflrt 
a!:"n™^in''  conipoied  of  colourB  none  of  which  are  fubjea  to  any  remark- 
ihli  ufe,  able  thiiige.     Tiiis  rofe-col<iured  oxide  of  iron  has  been  long 

ihpugh  tbii  01-  known,  bill  was  not  employed  mi  eitaMcl,  becaufe  it  is  tljeo 
^  •! !  «■      -  f^ijj^^,^  ^^  conlidcrablc  change.     Of  perhap!  »  hen  the  paint- 
ert  ciu  enamel  became  painters  on  pcircelun,  tliey  continued  1» 

»i¥<trk  accoritiii;^  lo  Adr  ancirat  ntetliod. 
We  might  fuppofe  tliat  by  previoudy  reducing  liie  colour 
nAtned  carmine,  alruady  Diined  with  itsfolvent,  into  a  vitreoui 
matter,  the  laft  lint  woukl  be  obtained.     But  as  I  have  akauiy 
prot'fld,  tlib  fire  which  mull   be  ufed   lo  melt  Ihii;  vitreout 
mafi  di.-Q.myi  the  red  wiour.     Bcfidcs,  it  is  found  that,  lo  ob- 
tain liiis  cdloor  til  [tcrfeciioii,  it  is  ncctflary  to  paf?  it  tiirougll 
the  liec  as  little  at  polTible. 
^Mutkin  of        xhc  carmine  of  tender  porcelain  it  made  with  falniinating 
'gold  gently  decompofed,   and  muriate  of  fdvcr;  there  is  no 
tininil,  which  prwestliat  it  is  not  necelTary  for  the  fabrication 
of  a  purple  colour,  that  the  o\ide  ot'lliis  lail  metal  and  lliat  of 
gold  (liould  be  combined, 
TWetfromgoid     Violel  is  likewife  obtained  from  ihe  purple  o\tde  of  gold. 
hftoorceWn""  Thiscolour  proceeds  from  having  a  greater  quanlily  of  lead  in 
the  (lux,  and  it  is  ncarJj'  of  the  fame  tint  whether  crude  or 
baked. 
■»' *fr  »ll  f'i'      Thefe  three  colours  totally  difappear  in  Ihc  flrong  fire  pro- 
per lo  bake  porcelain. 
Tkccsrmlneind      Carmine  and  purple  afTorded  u?  upon  glaf=,   only  llnis  of  a 
nod  uKn  Mn  '^■'^'y  *''°''''-     "^^^  violetj  on  tiie  contrary,  has  a  very  beautiful 
bni  the  v'wlet  ii  eHefl ;  but   it   ii   fubjefl  lo  change  to  a  blue.     I   cannot  yet 
hemtifDl.  arcctlain  the  caufc  of  fo  fingular  a  change,  as  I  obfervod  it  for 

Ae  lirfl  time  only  a  few  days  ago. 

(ToUcoHdiidctLj 
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Sjomimtlion  qftkr  fuppofiid  igneous  Oripit  tjf  lU  Jtach  <f  ii» 
irn^h/onnatioii.  By  jl/r.  KoBe.MT  Jamk^on.  from  tir 
Author. 

SkntBrae.  leUk,  Sipt.  8,  1S02. 

Tliat  the  tt'irk,  of  the  Tiapp-fonnatio/i  hare  t«n  dgpofttedfrom  a  M"<"'>  m 
Stale  ifSotminn  and  Su/penfioit  in  Water,  w  a  Truth,  Khich  '•"'"tin-f^wu 
been  drmtmftraled  tii/  the  Wfrneriaa  Gcognojie. 

J.T  h  not  at  prefcnt  my  Intention  to  Hate  (he  proofs  of  thii 
opinion :  the  fulijcfl  of  the  following  oblervations  is  the  exa- 
miitiilion  ofMr.  Playfair's  account  of  the  fe  rocks. 

Al  feaion  Gtof  hi'i  illuftraiionj  oflhe  Hullonian  theory,  hej^f-  PlJ>'»i 
obfctves,  "The  columnar  rtruflure  Torn  el  i  men  found  in  thal^(j„|y^|j^ 
fpocies  of  whindone  called  bafaltcs,  is  a  fafl  which  has  given  form  "f  iuiilt :» 
rife  to  much  difeulHon  ;  and  it  muft  be  contefTed,  that  though  ^^'^'^'^^^^^"' 
one  of  the  mofi  ft r iking  and  peculiar  charaScrs  of  this  folEl,  isinhvu. 
not  that  which  gives  the  clearcft  and  direfleft  information  con- 
cerning its  origin.     One  circumftance,  however,  very  niucli 
in  fevour  (hat  bafaltic  rocks  owe  their  origin  to  lire,  is,  ihat  the 
columnar  form  h  fometimc;  alTumed  by  Java  actually  erupted 
from  volcanos.     Now,  it  is  certainly  of  no  fraall  importance  to 
■have  the  fynlhetic  argument  on  our  fide,  and  lo  know  that  ba.- 
fallic  columns  can  be  produced  by  Rrc ;  though  no  doubt,  lo 
give  abfolute  cerlainty  to  our  conclulion,  it  would  be  necetTary 
to  flicw,  lliat  there  are  in  nature  no  other  means  but  this  by 
which  ihcfe  columns  can  be  formed.     This  fort  of  evidence 
can  hardly  be  looked  for;  but  Gnct  ihe   power  of  fufion   lo 
produce  the  phenomena  in   queftion  is  perfeflly   eflabliflied, 
and  llncc  the  produflion  oflhe  fame  phenomena  in  the  humid 
way  isa  mere  hypothefis,  if  there  be  tiieleaft  reafon  lo  fufpcft 
tlie  aiSion  of.Aibterraneous  heat  *  as  one  of  the  caufes  of  mine- 
ralization, 

*  TTie  phmoomia  of  troleanos  and  hot  fprings  are  confidered  by 
Pnfcllar  Pbyfair  as  proofs  of  a  fubicrrancan  heit,  unconneflcd 
with  ihr  decompofition  of  any  mineral  fubflance.  The  Wetneriut 
geognoGe,  haiffCTer,  has  (hewn  ui,  thai  volcanos  and  hot  fpringa  ori* 
ginatc  in  the  neweH  fluti  trapp-foimicion,  ihenfort  wc  have  fuJS- 
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ni'tzation,  every  masiro  ofroanil  philofophy  requires  (hat  the 

Reply.  Tint  bafaltic  flruauce.  in  all  cares,  (liould  be  afcribed  to  it."  The 
the  wicTiptioni  '  ' 

of  livu  by  Spjl-  accounts  given  by  Spalianzani  and  olhcr  tr:L\'clk-rs  of  columnar 
baiuu  »nd        i^va,  ate  moli  evidently  incorrect;  the  appearances  they  liave 
conea  u  to  the  dcfcribed  are  acciclentat  renU,  fuch  as  we  obfervc  in  fandHone, 
ippurince  jnd    limeflonc,  and  even  in  bafall.     Many  of  the  prifioatic  lavas 
nd  ihit  the     '  defcribed  by  Spalianzan.i,  are  either  bafall,  grecndonc,  or  por- 
■qucouiml^a     phyry.     That  baTaltcolLimm  have  been  formed  by  chryfialliza- 
dDcibh'^mn'n-  ''"''  'ro™  »  fla'c  of  fulution  in  water,  is  rendered  probable  from 
■nihrltyof  ftiuc-  the  analogy  of  their  flruc^ure  with  thai  of  other  folTiU  wliich 
foffiWo^fo'Ld  ^^""'^  ^^"  certainly  fo  formed.     Bafall  we  know  occurs  in  (he 
fame  luaf.  in  tabular  and  culumnar  djliinct  concretions,  corref- 
ptmdiug  in  this  particular  with  the  laiaellar  and  columnar  dif- 
tinfl  concretions  of  truly  diryilalline  liilTiis*. 
P.  The  prtfeoce     At  feflion  6G  wc  are  informed,  "  That  a  mark  of  fufion,  or 
n^'tm^'of    "t  leaftof  the  operation  of  heat,  which  whinfionc  poOetrcs  in 
tgatDiu  pioduc-  common  with  many  ot!ier  foflila,  is  its  l>eing  penetrated  with 
'  prrites,  a  fubllance,  as  hai  been  already  remaiked,  that  is  of 

all  others  moli  exclufively  the  production  of  fire." 
hit  tlicre  are  jjf_  I'layfair  probably  did  not  knoiv  that  ilie  great  beds  of 

l!^*nf  mltj^r'i  bilui.itiialud  wood  which  arc  found  covcroJ  willi  fund,  clay,  &c. 
w»ef  futuefleil  jn  the  alluvial  hills,  are  very  frequently  mucli  impregnated 
"*   "'  with  pyrites ;  and  that  lately  Mr.  Hatchclt  had  alfo  deraon- 

Rrated  ils  formation  in  Jie  humid  way. 
P.^^Infulited  He  ijoiilinuee,  "  Another  marltoffulion,  more  diftinflive  of 
whin,  is,  thai  buth  in  veins  and  malfcs  it  fomclimes  includes 
pieces  of  fanttftone,  or  of  die  otlier  contiguous  lirala,  com- 
pletely infulated,  and  having  the  appearance  of  fragment*  of 
ruck  floating  in  a  fluid  luRicienlly  denfe  and  ponderous  to  fuf- 
tain  their  weight.  Though  lliefe  fragments  havu  been  too  r&> 
fraflory  to  be  reduced  into  fufion  tliemfelves,  tliey  have 
remained  intirely  unchanged;  but  are,  in  general,  extremely 
indurated,  in  comparifun  of  tlie  rock  from  which  they  appea: 

cient  proof  of  the  eziftcnce  of  ijuantilies  of  inflammable  matttr, 
equal  to  the  Aipjiart  of  all  ihe  volcanoes  Ihit  have,  or  can  exiA  on 
our  globe. 

*  When  biifall,  having  a  columnar  llnifhire,  occurs  in  vein 
find  cluit  tilde  columns  an:  perpcndtcnlar  to  the  walls  of  the  vein 
This  plicnomena  I  have  ficijucntly  ubferved,  and  conlider  it  a)  fnp' 
porting  in  fomc  degree  the  opinion  mentioned  above. 
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tu  iiave  be«n delactied."    That  the  piecesof  landfioneare  not  Iil'denWrtut 

hifulaled,  I  have  proved  in  a  former  paper.     The  occurrence  j^^^j  ^ij^^ 

of  niafTusolTaiiiltloneiii  veinsol  bafalt,  grunjlune,  and  wacken,  nied. 

is  well  known  ;  but  that  there  are  malTes  more  indurated  than 

tiie  other  fandflone  of  thi^  formation,  mutt  be  denied,  as  we 

know  that  fandftone  beds  occur  in  this  formation  of  all  degrees 

of  induration.  I 

Sedion  67.     "  Similar  inftanccj  of  extraordinary  induration  P*  Eimot*- 
arcobfcrved  in  the  parts  of  the  Aralaincontafl  with  whinftone,  of  (tie  Ann  in 
whether  Ihey  form  the  fnies  of  the  veins,  or  the  floors  and  "nofiwiih 
foof.  of  the  mafTes  into  which  the  whinftone  is  diaributcd.  *''"''^'"' 
The  Itrata,  whether  Tandy  or  argillaceous,  in  fjch  filuatlons  are 
ufualiy  extremely  hard  and  coiifolidated  ;  the  former  in  parti- 
cular iofc  llieir  {granulated  texture,  and  are  fome limes  convert- 
ed into  perfefl  jafper.    This  inleredling  remark  was  firft  made 
by  Dr.  Hutton,  and  the  truth  of  it  tias  been  verified  by  a  great 
number  of  fubfequent  ofaferv aliens." 

The  flinty  fandflone  which  is  chara^eriflic  for  tlie  neweft  "coiitcd  Sh  br 
t\6tx  trapp-tbrmation,  is  ufually  covered  by  clay,  wacken,  ba-  i,jr,t^j  (i,iu""o- 
Tilt,  or  grunftone,  in  the  order  here  mentioned  :  lbnielime<i  the  in  the  pant  of 
flay  is  wanting,  when  the  iandllone  is  covered  by  wacken,  or  '"''"  ^""^ 
-when  the  wacken  has  been  carried  sway,  or  not  depofitedj  by  " 

bafalt  or  grunllone.  We  have  thus,  to  ufe  the  Huttonian  lan- 
guage, the  fandjloiie  equally  indurated  under  a  bed  of  clay  as 
under  one  of  balalt  or  grunllone:  it  is  therefore  plain,  that  no 
argument  can  be  drawn  Irom  the  iiiuaiiun  and  nature  of  lliis 
tandfione  in  favour  of  the  igneous  fylleni.  Wlien  the  walls  of 
veins  are  indurated,  we  can  caGly  trace  it  to  the  depo&tion  of 
*  portion  of  the  bafaltic  fo'ution  in  the  pores  ot  die  fofter  llrala. 

Section  63.    "To the  faineescelLent  geoIogiA(Dr.  Hutlon)  P.  The  ipptir- 
wc  are  indebted  for  the  knowledge  of  an  analogous  fafl  attend-  ""  "y''"'/™! 
ant  on  the  palTuge  of  whinllone  veins  ihrough  coal  ftraU.     As  in  the  vicinity  of 
the  bed»  ol  Hone  where  lliey  are  in  contafl  with  ihe  veins  of  ™"'"'*'^» 
whin,  fecm  to  acquireadditionalini^uraiioa.rotliofeof  coal,  ill  proof  of  tb^ 
like  circum fiances,  are  frequently  found  to  have  loft  their  fulj-  tonneiJtateof 
bilily,  and  to  be  reduced  nearly  to  the  ftale  of  coke  or  cliar- 
coal.     The  eiullence  of  coal  of  this  kind  has  been  already  men- 
tioned, and  has  been  cuiifidered  as  a  proof  of  the  operation  of 
fubtcrraneoua  heat.     In  the  inDances  here  referred  to,  that  Is, 
where  the  clianing  of  the  coal  is  ILmiltd  to  lliofe  parts  of  the  ' 
ilratft  which  ore  in  contact  with  ihe  whin,  ot  in  its  immediate 
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t'tcinity,  ihc  heat  it  pointed  out  as  refiding  in  tlie  vein  ;  oikI 
thn  ii  lo  be  accounted  for  onlj  on  the  fuppoliltoD  of  the 
melted  whin,  at  a  period  Tub feqiienl  lo  the  confolidation  of  ihe 
coal,  having  flowed  through  the  openings  of  ibe  ftrata.  The 
heat  has  been  powerful  enough  in  aiany  places  to  drive  oif  the 
bituminous  matter  of  the  coal,  and  to  liirce  it  into  the  c<Ader 
and  more  dirtant  parts.  Few  faflj  in  the  hiftory  of  foffiU  are 
mote  remarkable  than  Ihi:,  and  none  more  dirccdy  afliroilate* 
Ihnoperationsof  the  mineral  regions  with  Ihote  that  take  place 
at  the  furfactior  the  earth." 
In  reply.  Thit  An  eminent  Irilh  geognotl  is  of  opinion,  that  the  appear- 
•ffca  i9  iftiibeil  ance*  defcribed  by  frofclG^r  Playfair  may  have  been  pii>duced 
oof  waiet.  ''y  '^'*  piTCotation  of  water  along  llie  fides  of  the  balailveiil. 
This  explanation  will  be  falisfaflory  to  tholij  who  have  wil- 
nefTt^d  the  effei5ls  produced  by  the  weallier  on  coal.  This  al- 
tered cnal,  however,  milft  not  be  confounded  with  llle  glanx. 
and  columnar  coal,  becaufe  thefc  differ  from  it  io  oryclognot. 
ttcal  and  geognollical  charaflers. 

The  argument  contained  in  (ticlion  69,  U  refuted  by  what 
Werner  mention*  in  hit  admirable  book  on  the  formatiDn  of 

P.  Thit  the  SeQioa  71.  "  Again,  il'  it  be  Iriie  that  the  mafles  of  whin- 
inirodBcedbe-  'lo"«.  't""'  intcrpolwl  among  the  llrata,  were  introduced  there 
twten  xbt  flrau,  after  tiic  Ibrmalioii  of  the  latter,  we  might  c^>e&  to  (uid,  at 
ibi'fiJI^lLuJ™  '*^  '"  '"^"y  '""airces,  that  the  beds  on  which  the  whinflone 
OKfrnifakfi-tei^s,  and  tliofe  by  whicb  it  is  covered,  are  e?iafUy  alike.  If 
"'*^  thcfc  beds  were  once  cojitiguous,  and  have  been  only  heaved 

Op  and  feparaiedby  theirniplion  ufalluid  maf;  of  fubtcrranaui 
lava,  tlieir  identity  (bould  Hill  be  recognifed.     Now  this  ii 
precifely  what  isobferved;  it  is  known  to  hold  in  avail  num- 
ber of  inI1«nces,  and  it  is  ilrikingly  eKemplificd  in  ih*  rock  of 
Thii  argoiDEDi    Salilbury  Crag  near  Edinburgh,"     If  this  argument  was  cor- 
^^"E^retl,  It  Ihould  follow,  that  the  beds  of  foliated  linieRone  con- 
cidIc  it  woatd     laining  fliells,  which  are  found  between  ftrata  of  fandftone, 
'^dl^l^     had  been  ejeftcd  from   below.     This  faft  cannot  be  evaded 
by  laying,  that  tlie  limefhme  has  been  only  foftened ;  it  is  plain 
tfthelbliatedfradute  (according  (o  theHuttonian  fyfteni)  i»  a 
charader  of  fufion  in  one  ftone,  fo  muft  it  in  all  others, 
^  Tbemdiila      AtfeflionTS  we  have  the  following  obfervalions  on  the  for- 
Amc^^  tn  "  '"■t'oo  of  agates  :  "  Some  of  the  fpecies  of  whindone  are  tlie 
htn  been  fluid  j  common  matrices  of  agates  aiul  chalcedonies,  which  lie  indofed 
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in  them  in  the  fonn  of  round  nodules.  The  original  fluitltly  of 
thefe  nodulei  ii  evinced  by  iheir  Hgured  aiid  fometime*  chryf- 
Ullized  llfudure,  ftnd  indeed  is  fu  generally  adniUted,  Lhst 
Ihe  only  queHJon  refpefling  them  is,  whether  this  Ruiditjr  was 
the  effeCl  of  heat  or  folution.  To  anfwer  this  qucftion  Dr. 
Hulton  obferves,  that  the  formallun  of  the  concentric  coats  of 
which  the  agat^  is  ufually  conipofed ,  has  evidently  proceeded 
from  the  circumference  toward  the  center,  liic  exterior  coatj 
always  imprelling  the  interior,  but  never  the  reverfe.  The 
tiiiae  thing  alio  (bliow;  from  this  other  fufi,  thatwliere  there  is 
Bny  vacuity  wiUtin  the  agate,  it  i;  ufually  at  the  center,  and 
there  loo  are  found  tlie  regular  diryftaU,  when  any  fuch  have 
been  formed.     It  tliereforc  appears  certain,  that  the  progrefs"^  »  h"'  ton 

,,...,,  i-  ,        .  r  -  J  J  foliditcd  from 

ot  confulidation  hai  been  from  tliccircunifiirence  mwards,  and  ^-nhouti 
that  the  outward  coats  of  the  ag3t«  were  the  6r(l  to  acquire 
Uidiiy  and  hardnefs.     Now  it  murt  be  conlidered  that  thefe 
coats  are  highly  confolidated  ;  that  they  are  of  very  pure  fili- Therm  pure 
CCOU9  niatter,  and  are  utterlv  impervious  to  every  lubfiaiice  .''*°''.""*''' 
M-hich  we  know  of,  excepting  hght  and  heat.   It  is  plain  there- my  otherfub- 
fore,  that  whatever  at  any  time,  during  the  procefi  of  confoli- ^ 
dalion,  was  contained  wilhin  tlie  coat«  already  formed,  mull 
have  remained  there  as  long  as  the  agate  was  intire,  without 
Ihe  Icali   pullibihty  of  efcape.     But  nothing  is   lound  within 
Ihe  coats  ot  the  agate  fave  its  own  fubttaiice ;  therefore  no  ex- 
traneous fubJiance,  that  is  to  fay  no  folvcnl,  was  ever  included 
within  them.     The  fluidity  ol  the  agate  was  therefore  Gmple,  whence  tb'»i 
and  nnaflifted  by  any  menftruum.     In  lliis  argument  nothing  '^'2',^'^|,"^ 
appears  to  me  wanting  that  is  necelfary  to  the  perfection  of  a  fimplc,  without     ( 
pliyiical,  I  bad  aimoli  laid  of  a  mathematical  demon  ft  rati  on.  '"'  ""n"'"'""-    I 
It  feems,   itideed,  to  be  impolEbIc  that  Ihe  igneous  origin  of 
fotiils  could  be  recorded  in  plainer  language,  than  the  pheno- 
menon which  has  been  juft  defc-ribecl."  | 
It  is  well  known  to  geognofls,  that  during  the  dapofition  of  Replji.    The        i 
cerUin  kinds  of  llrata,  confiderable  quantities  of  air  have  been '^^"V'"  ""^"^  ' 

r  ,  ,      ,         ■  .  ,■  .  .  o'^  ™  ^'*'  I 

mnnedi  and  this  in  endeavour mg  to  elcape  has  given  them  a  aftiibcd  id  gui     i 
cellular  llruflure.     The  almond-done  (nianddficin)  in  which  I 

agates  arc  moft  frequently  found,    has  acquired  its  cellular  i 

flrudure  in  this  manner.     Thefe  cells  appear  to  have  been  the  «ili  ire 
fucceffively  filled  willi  a  flony  folution,  out  of  which  thin  goats  ^'^- ""  *'"' 
of  jafper,  carnclian,  chalcedony,  &c.  have  been  precipitated,  died  with  ■ 
according  as  Uie  precipitate  altered  or  was  finer,     We  are  na-  """J  tolu'ioni 
1 2  turally 
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lurally  leil  to  (lie  idea  of  an  increafing  fincners  in  llie  faluU'on, 
be^'aufe  wc  obrcrvc  mod  dUlinaiy  that  tlic  outer  coat  iscom- 
pofed  of  ihe  c'jarfeft  precipitate,  and  that  as  il  approaches  the 
middk',  il  h  always  finer  and  finer  j  fo  that  at  laft,  out  of  the 
iiiiell  folution,  amethyfl  (hoots,  and,  when  there  is  roam  enough, 
-chryflallizea.  That  the  Iblulion  out  of  which  the  precrpitatioB 
||  took  place  was  truly  chemical,  is  domonftratei!  not  only  by  tlw 
charafter  of  the  fubllaiices,  but  alfo  by  the  dil'piifition  of  the 
coats  ;  for  we  can  obferve  thatlhcy  have  followed  the  altrac- 
lion  of  Ihe  walls  of  the  cell,  and  are  fi>  accurately  dcpolited 
upon  it,  that  an  inequality,  or  eleyalion  upon  Ihe  oul«  wall, 
continues  to  hi-  obferved  tlirough  all  the  fuperincumbenl  coats 
to  the  center  of  the  ngatc.  That  the  folution  had  come  from 
ivithout,  and  by  intiltralion  penetrated  into  the  cells,  is  molt 
dillinCli^  to  be  fecn  in  fpccimcni  ofa^atc  when  llicy  are  pro- 
perly cut.  If  Uic  cutting  has  beecjudicLOufly  done,  we  can  al- 
ways obfcri'c  the  opening  by  which  the  fi^ution  has  entered. 
This  elegant  tsplaiialion  h  an  outline  of  that  delivered  by  the 
illudrioas  Werner  in  bis  geogiioftical  leSurC!,  and  is  ■  demoo- 
Uratiflu  ofihe  a(|ueou«  origin  of  agate.  '  ' 

That  flinty  follils,  as  Haled  by  Mr.  Playfsir,  are  iinper%-ioulB 
to  water,  has  never  buen  proved ;  on  the  contrtiry,  !t  !(  «rcll 
known  to  collectors  of  tiiflilt,  thai  if  the  cellular  rock  chryflxl, 
which  contains  water,  is  kept  in  a  cabinet  tor  fomc  years,  tlie 
water  gradually  difappcars. 

Seflions  2+9,  250,  1,  2,  are  occupied  with  an  iinroccer^l 
attempt  to  reconcile  the  appearances  on  the  lull  of  Scheibenbcrg' 
with  the  Hutlonian  tlieory.  Without  infilling  upon  the  Wei- 
nerian  doflrine  of  tormatlon.s,  which  givei  the  death-blow  to 
all  partial  explanationi  like  thofe  propcfcd  by  Ihe  Hultonian 
theory,  1  fliall  merely  mention  a  few  tiiifls  rdpefliog  the  indivi- 
dual relation  of  tliefc  rocks,  to  Ihew  the  infuHiciency  of  the  ex- 
planation attempted  by  Proll'tfur  Plajtiiir. 

1.  Sandlione  is  fometimes  obferved  covering  wackcn. 

2.  Gmvol,  coi'ered  by  llaiy  clay  and  balall,  hiu  been  ot^ 
I'crved  lying  on  wacken. 

3.  Veins  of  wackcn  fomeltmes  Iraverfe  giitifs,  porphyries, 
fandftone,  S:c. 

Now,  if  wacken  in  clay  hardened  by  ihe  fuper-poClion  of 

mdled  bafalt,  we  miift  fuppoli:  the  iiunc  effect  to  have  been 

1  produced 
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produced  fay  the  (laly  clay,  fandrionc,  or  gravel,  h  ii  cr^uallv 
impofGble  Lo  explain  wackun  \t:ini  by  lint  li|poiljeIis  o(  Vro- 
fcflbr  Playfair. 

From  (eeiion  2i5  lo  2i9  is  principall)- occupied  in  endea-Wdgf-flnptir- 
Touring  to  Ihew,  thai  fiom  llie  wctlge-iliape  irrygularilies  in  ^| ''  ""  * 
IhickneTs,  and  tlie  frecjuenl  great  inclination  ol'bcds  orbafall, 
Aey  would  oot  luve  been  depoGled  from  a  ftite  of  fohttion 
iavralcT. 

To  explain  Llic  appearances  defer i bed  in  thcfc  feflions  wil|»«o"nrti  forty 
benodlffiadtj  to  the  Neptunian,  they  arewlial  he  daily  ni«:ls3'^"'.''n^n- 
with,  and  ate  illuftralive  of  Ihe  depolilion  of  tliefe  llrata  from  *qu«l  furfiaj  • 
water.     Let  u^  conceive  a  bed  of  bafall  depoliied  upon  an  un- 
equal furjkcc,  that  the  water  breaks  it  (eillier  before  it  has  b^- broken  bjwMeri 
come  fnlid,   or  afterwards)   into  Ihapes  refembling   thofe  d«- 
fcribed  by  PfofefTor  Plavfair,  afterwards  that  fandilone  is  de-indfWftonede- 
pofiLed  upon  thii  broken  bed ;  and  we  have  a  complete  pic- i"''""^  ^"t""' 
lure  and  explanation  of  the  wedgc-diape,  irregularities  in  tht! 
thickncfs,  and  every  variety  of  inclination  of  the  (irata  of  bafalt. 
Tliisia  illuftrated  by  figure  I  and  2,  Plate  Vfll. 

A  very  Jlrong  objcftiun  lias  been  made  to  the  igneous  origin  DbJEdion  to  the 
of  bafalt  and  grunflone,  which  has  always  appeared  to  me  '^^^  at'bbJt' 
completely  unanfwecable  :  it  is  this  :  If  thefe  rocks  had  been  that  it  ii  nat 
fonnerly  in  a  (late  of  complete  fufi  on,  they  Qiould  either  ap-  ^I'f^  I™*  "^ 
pearas  glafs,  or  as  a  limplcmais,  not  containing  any  full  fiance  jiu. 
uf  a  difil'renl  nature  from  tlie  iiiafi  itfelf. 

Mr.  Playfair,  at  tlie  conclulion  of  his  obfervaliona  on  the  p.  sir  Jimci 

Irapp-formaJion   rocks,  remarks,    "  Nntwithflandine  all  this "'"'' "'"■'•. 
,       ,        ,  .         . ,         - .  ,-        ,      -  ^      ""ntt  Ji!d<ie«l 

accumulated  and  unaiuwerable  evidence  tor  tne  igneous:  lor*  ]„  f[aaf,t],]tiha 
malion  of  bafaltei.  ffie  etiUcace  I  liare  esamhicd  in  lite pra-ediitg  ^""S  chi«aer 
fagcij  a  great  ohjeclioii  would  Jlill  remain  to  our  tlieory,  were  ful^  ""  ''  ' 
it  nol  fox  lhi3  very  accurate  and  canclulive  experiments  con- 
cerning the  fulion  of  Ihi-i  fullil,  made  by  Sir  Jarnes  Hall.     A 
itrong  prejudice  againft  the  protluftion  of  any  tiling  like  a  real 
ftone  by  means  of  fufion,  had  arilen  even  among  ihofe  mine- 
lalogifti  who  vvurc  every  day  wilncii'es  of  the  liony  appt-ar- 
ance  affumed  by  volcanic  lava.     They  ftill  maintained,  on  the 
authority  of  their  own  iroperfed  experiments,  tliat  nothing  but 
^glafi  can  ever  be  obtained  by  the  meltinjof  earths  and  llones, 
in  whatever  way  they  are  combined . 

An  ingenious  naluraliO.  after  del<:ribing  a  block  of  bafalle'!, 

in  which  he  difcovercd  fuch  appearances  as  inclined  him  to 

admit 


n 


I 


admit  its  igneous  cotifo! illation,  rejeds  ihal  lijpolhelis  niercly' 
from  the  imaginary  inability  of  fiie  lo  give  to  any  fubfiance  a 
ftony  charafler ;  "  Quelque  melange,"  fays  he,  "  dp  terres 
que  I'on  fuppofe,  queique  Toil  le  lems  que  I'on  emploie,  tl  eft 
ir^s  certain  que  Ton  n'obiiendra  pas  par  la  feul  fluide  ign^,  ni 
bftfalle,  ni  rien  qiielui  refe-mble." 

Sir  James  Hall's  experiments  have  corrpletely  (temondralec] 
the  contrary  of  what  U  here  allerteti ;  lliey  have  aiided  much  to 
the  evidence  of  the  Huttoiiian  fyllem  ;  and  indepepdently  ot 
all  theory,  have  narrowed  the  circle  of  prejudice  and  error." 

Sir  James  Hall,  however,  has  only  lliown,  that  when  bafall, 
grunftone,    or    wacten,    are   completely    melted   and   then 
flowly  cooled,  the  g'alTy  cliarafler  difappear),  and  the  mafs 
alTuines  that  of  indidind  chryjlallization.     Thii  chryftallizcd 
mafi   he  denominates  chriftalite,  as   bearing   a   moft   ftrik- 
ing  refemblance  to  the  nalnral  flones.     To  the  oryflognoft, 
however,  the  glafs  and  the  indiftinflly  chryftallizcd  mafs  are 
equally  different  from  the  original  fione,  therefore  the  argu- 
ments drawn  from  ihefe  experiments,  in  favour  of  the  igneous 
origin  of  the  rocks  of  ihe  trapp- formation,  are  unfounded,  and 
the  objeflion  which  has  been  now  fiated  remains  in  full  force. 
OVi<aiori  to  Sir      Sir  James  Hall's  opinion,   that  lava  has  been  in  a  flatc  of 
nrthitb»i''^''T'^*'' '"'""'"•  ^"^   by  (low  cooling  has  acquired  its  prefcnt 
hii  laen  in  i     rhaiafler,  is  probably  incorrefl.     The  well  known  fafls,  that 
^^^'f^^P'^^lava  has  run  into  the  fea,   rivers,  and  lakes,  without  affuming 
■  the  glafly  charafler;  that  illands  compofed  of  cellular  lava 

H  have  been  formed  in  the  fea ;  and  laftly,  the  low  degree  of 

Ht  heat  pofTclTed  by  lava  flreanis,  ftiew,  that  it  has  not  been  in  a 

H  ftate  of  complete  fufion;  on  Ihe  contrary,  the  following  lafis, 

P  which  are  to  be  found  in  the  beft  writers  on  volcanos,  render 

Wcrflcriin  ofi-   *^^  Wernerian  opinion,  viz.  that  the  fluidity  of  lava  has  rarely 
Dion,  itiii lava i> exceeded  the  ftate  of  vifcidity,  extremely  probable, 
thmvifcid-  '■  ^^^  """*  "^''J  flo^''y.  "^ven  over  confiderably  incline4 

Ai|ipartedbxiti   planes. 

*"  2.  In  the  Eumpcan  volcano':  glafs  has  hardly  ever  been 

obferved.  TheObfidian  of  Iceland,  as  defcribed  by  Bergman 
andOlafsen;  that  of  Li  pari  j  the  glafs  of  Vefuvius  mentioned 
by  Brierlac,  are  moft  diftinQly  produfis  of  water,  as  can  be  de- 
monftraled  by  llie  Wernerian  geognofie. 

3.  The  chryfialsofhornblendeand  felfpar,  which  arefofre-   . 
lava,  being  wrapped  up  in  it  (eingewickelt), 
prove. 
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prove,  M  Werner  has  well  obTerveci,  that  thefe  are  the  unallor-  *l>«  ninlwfrf 
«dchfy/laUofthemotliet-fl<mc,  which  ihe  volcanic  fire  has  not  ^^_ 
had  power  lo  melt. 

4.  Wlien  porphirilic  bafiilt  is  brought  to  tiie  Rate  of  vifci-  ^'^^^^J'^^f 
iity,   the  chryllals  of  felfpar  Rnat  in  Jt  unaltered,  and  the  mafs  (,|[  frMn  let  vif- 
which  is  now  fufficienllv  hquid  tn  flow,  however  cjuidtl^  cool-  tjj!  '\"! '"^SJ* 
edj  does  not  affume  the  glalFy  chata-fler,  but  has  the  charafler  ehuiflet, 
of  the  commonea  kinds  ol'  lava. 

ROBERT  JAMESON. 


Description  qftbe  BliW-Pipe ApptiratOM  o/"Haa». 
CorrfJpoiideJtt. 

To  Mr.  NICHOLSON. 


/iFTER  I  had  coirtmunicaied  lo  joil  the  apparatus  for  the  I<tiw. 
blow-pipe  by  means  of  alcohol,  aa  ufed  by  Profeflbr  Piflet, 
which  you  favoured  with  a  place  in  the  laft  number  of  your 
excellent  Journal,  I  was  flruck  with  the  idea  that  the  appara* 
tus  of  Mr.  Haas,  which  I  meniiotied  in  my  letter,  though  made 
in  the  midli  of  London,  h  almoll  entirely  unknown  in  this 
country.  As  tliit  lafl  is  very  ingenious,  and  affords  many  ad- 
t^nUges  in  the  ufe  of  tJie  blow-pipe,  I  think  you  will  render  a 
tcrvicv  to  your  cheiaical  readers  by  making  them  acquainted 
with  its  nature  and  conftruciion.  In  conl'equence  of  this,  I 
here  fubjoin  a  defcription  and  drawing  of  ■>,  given  by  Mr. 
Orftein  in  Dr.  Scherer's  C!iemical  Journal,  Vol.  11.  page  454. 
I  leave  it  to  your  difcretion  whether  you  think  it  deferving  9 
place,  and  continue  with  the  higheft  elleeni, 
SIR, 

Your  mofl  humble 
and  obedient, 

N.  N. 

P.  S.     Concerning  the  older  connruflions  of  the  blow-pipe, 
pr.  Scheret  releri  in  that  paper  to   Bergman's  Opufc.  IL  JI^'J,''^™" ' 
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Engftr6m's  dercription  of  a  mineralogical  pocket  lai>oralorf 
(which  may  be  feen  in  ihe  fecond  volume  of  Magellan's  tranf- 
laiion  of  Cronfted's  Mineralogy,  Svo,  Lond,  1788),  and  to 
Weigel's  Verfuch  einer  Gefchichte  ElTay  towards  a  hiflory  of 
the  blow.pipe,  and  its  ufe,  inCrell's  addition  tolhc  Chemical 
Aiinali,  VoL  IV.  page  262—233,  and  page  393— iJ9  ;  alfo. 
Vol.  V.  page  6— 24,  and  page  198—226. 


THE  ddmeati 
iiat  a  few  parts 
vith  ll>c  candle  li 


on  here  added  is  upon  the  whole  fo  dillin^, 
snly  require  adelailed  defcription.     I  begin 
ibe,  as  it  is  the  moil  cITential  part  of  this  ap- 
paratos,  on  which  all  ihc  others  in  fome  manner  depend. 

Plate  Vtl.  A  is  this  candle-tube,  which  majbe  Aided  back- 
wards and  forwards  upon  the  plate  B.  The  latk  in  the  lube 
ierves  to  raife  the  candle.  The  ball  i,  together  with  its  tubes 
r  e,  may  alfo  be  raifed  and  lowered  in  order  to  direft  the  point 
e  accurately  towards  the  flame.  The  polTefibrs  of  Oih  appara- 
tus will  undoubtedly  thanfc  Mr.  Haas  for  the  ingenious  ar- 
rangement of  the  inner  parts  of  the  ball,  by  means  of  which  no 
moifture  can  enter  into  the  point  e. 

The  charraai-Hand  C  U  likewil'i!  moveable  upon  B ;  but  al 
the  fame  time,  as  the  drawing  (hews,  its  pillars  t*  are  likewife, 
by  means  of  the  fliding-pieces  i  r,  capable  of  a  lateral  motion ; 
befides  that  at  o  the  coal  can  be  vertically  turned  upon  the 
pillars. 

Theconftruflion  of  the  fiiufTers,  and  the  rcflangular  (ilua- 
tion  of  their  point  m  with  their  flaps  to  the  handle  ii,  will  be 
found  particularly  important  and  ufeful.  For,  by  reafon  of  thi<; 
form,  the  wick  can,  without  any  inconvenience  to  Ihe  hand,  bo 
always  cut  ofl'in  the  fame  dircflion  in  which  the  flame  is  blovi^, 
and  by  (Iroking  Ihe  wick  with  ihe  point  m  (turned  towards  the 
body  of  the  operator),  it  may  be  fo  managed  as  to  be  always 
kept  broader  in  the  diredton  of  the  flame.  This  will  be  found 
more  expedient  than  theofual  method  of  bending  Ihe  wick  ac- 
cording to  the  flame's  direction.  The  handle  is  laid  hold  on 
with  the  thumband  middle  iinger  at  r  r.  The  fore-(inger,  for 
the  purpofe  ol  Ihuffing  the  candle,  opens  or  (huts  the  moveable 
flap  by  pudiing  the  piece  V  to  the  right  or  left.  It  is  becaufe  a 
II  pair  ol  fimf'crs,  in  the  ule  of  this  apparatus,  would  be 
Dot  only  extremely  incommodious  but  even  detrimental,  llut 
I  Mr.  Haas  invented  this  commodious  and  ufeful  iiiflrumenl. 

The 
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The  roUowing  afticle-5  winch  make  this  nppatalus  complete  AJJitlona] 
forufe,  were  fold  hy  Mr,  Haas  ■  in  a  neat  box:  1 .  Varioui  ""•■ 
candlet;  2.  Points  of  diflereat  bocej;  S.  A  liaitimcr;  4.  A 
round  excavated  piece  of  ileel  to  pound  ttic  products  of  tlie 
operation ;  5.  A  pair  of  tongs ;  <i.  A  file;  7.  A  knile ;  8.  A 
niBgnitying  lens;  9.  A  fpoon  made  of  platina  ;  10.  A  flecl  to 
flrike  fire,  lerving  at  the  fame  time  as  a  ma^et ;  11 .  A  cgua- 
drasgular  magnet  bu;  12.  A  ihermometer;  13.  An  hydro- 


VIII. 

Kole  rcJptSittg  ihe  hijlrumtnts  by  Klikk  the  (ito  Kindt  of  EitC' 
tricily  arc  dijiiagui/hcd,  or  its  Direction  ufartaincd.   W.  N. 

'L/ONCERNING  the  phenomena  denominated  eleflric,  the  Elf  iUieJiy  U  ^et 

fcas  have  hitherto  afforded  us  little  more  than  a  few  general  ;X'fllSrf.**'^ 

laws,  whidi  certain  ingenious  philofopheis  have  coiinefled 

by  ihofe hypothefei  wliich  coiil^ilule  the  theory.    Among  thefe  ftanklbi'i  dw- 

the  two  principal  are,   IJI,  that  a  pecuhar  fluid,  called  'he"/™''' 

eleflric  mailer,  cxills  in  or  upon  all  bodies;  capable  oi" being 

accumulated  by  fridlon,  cafiiy  and  nsofl  rapidly  pading  through 

or  along  melats,  water,  and  charcoal,  and  diflicullly  or  not  at 

ail  through  glafs  and  other  bodies  not  containing  fluid   water; 

capable  of  exiting  at  the  oppofite  confines  of  non-conduflors, 

Jo  at  to  be  in  excefs  or  plus  at  one  furface,  and  in  defeat  or 

minus  at  the  other^  in  much  higher  degrees  than  either  due 

could  fmgly  exiH  ;  exhibiting  the  phenomena  of  ignilion  and 

found  when  it  palfes  through  the  fubliance  of  non-conduiiors  ; 

and  capable  by  its  rapid  motion  of  raifmg  llic  temperature  of 

conduflors  to  the  bighdl  intenfity  hitherto  obferved,  as  well 

a  of  exciting  mufcular  aflion  in  all  degrees,  to  the  entire  de- 

Ihuclion  of  animal  life. 

•J,  The  fecond  received  theory  of  eleftr icily  admits  the  ex-  Nollec'i  dwotj 
ifteiice  of  two  fluids  capable  of  being  feparaled  by  friction  .  "  *""  "'  ■ 
liaving  (he  fame  habitudes,  as  to  conduflors  sjid  non-conduc- 

*  Mr.  Haat  ii  no  longer  in  Lontlon  :  Five  fcti  of  this  apparatus 
were  fenl  lo  Portugal,  where  he  is  now  cflablillied.  The  blow- 
pipe and  reft  of  the  ailjuiRge  arc  made  of  bviifs,  except  the  fnuAers* 
— Trarll,  ■ '  -"■  -'  ■■■■  ■.-.-' 
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^Hj  tort,  as  (he  fimple  fluid;   Arongly  attrafling  eac-h   other,  and 

^H  not  perceptible  when  rombined  in  b  due  ptoporlion ;  capable 

^B  oT  oulling  I'cparalely  at  the  confines  of  non-conduflors  in  very 

^^^  high  coiidenfaLion ;  caulitig  iiglit  and  found  when  they  rulli  to- 

^^m  gether  through  the  fiibltancc  of  a  conduflor;  and  producing 

^F  the  bighefl  lempefature  when  titey  pafs  through  or  meet  in 

^F^  non-conduflort,  &c. 

^UnoriliiiEtot)"     Without  entering  fiirlber  Into  ihefe  theori»i,  or  the  addition* 
■    '^2iaif%u  ^^"^^  require  in  order  to  falisfj  llie  fafls,   fuch  as  the  attraalon 
iaflrunHuit         fuppofed  to  eKit)  between condnftorsand  the  cle£lricmatter,tha 
"uT  ^^Zh^''^^°^P'^^^'  of  ekaricity,  &c.  the  fubjefl  oFtlie  prefent  notice 
diflingulfliihe    requires  we  flioold  ufe  [he  language  of  ono  of  the  two.     The 
^^St^^"^ tltflri- former  is  moft  commonly  adopted;  and  accordingly  we  fliould 
m^'  fay  that  an  infininient  which  (liall  diftinf;ui(h  the  phu  from  the 

|r  minu!  flate  of  eleflricity,  will  alfo  rtiew  the  current  or  dire£lion 

in  which  that  matter  is  moved  or  carried, 
Prapoftd  mrini  The  fupporlers  of  the  theory  called  Franklin's,  from  llie 
of  dging  (hi.  i  j,g„,p  „,-  ,|^p  philofopher  who  invented  or  at  leaft  explained  it 
at  an  early  period,  have  atnaj's  been  aware  of  the  advantage  it 
would  be  to  their  fyftem  if  they  could  adduce  any  eKperiment 
hy  which  the  direfliqn  of  iheir  defiric  fluid  inighl  be  afcer- 
lained.  Dr.  Franklin  himfelf  very  moddlly  offers  conjc^ural 
reafons,  why  the  one  kind  of  elefiricity  fcemedtobea  redun- 
a  elcAiic  dancy  and  the  other  a  deficiency,  chietjy  grounded  on  the  la- 
minous  appearances  at  the  extremity  of  the  wires  in  the  ^eftric 
he  ftates.  Henly  likcivire  obferved  the  lights  of  the  two  elefiri- 
cities  in  the  figure  of  the  fpark,  of  which  the  flem  is  always  at 
i  the  plus  conduflor  and  ihe  ramifications  at  the  negative ;  fo 
that  the  forked  extremity'  of  lightning  will  always  denote  tlie 
receiving  body,  whether  il  be  the  cloud  or  the  earth.  He 
lube  salfo  ufed  hi;  exhauDed  g'als  tube  with  good  fuccefii,  as  an  in- 
llrument  for  the  fame  piitpofe  in  which  a  receiving  ball  has  a 
luminous  atmofphere,  and  a  giving  ball  throws  out  (beams  of 
I  f™'''*'"""';  light.  The  fame  philofopher  firft  noted,  that  the  flame  of  a 
fmall  candle  is  blown  towards  a  negative  conductor,  and  ftom 
a  pofitive  one  J  though  this  experiment  is  not  quite  unequi- 
vocal ;  And  he  made  feveral  other  experiments  which  cannot 
with  confiflent  brevity  be  here  detailed.  Laving  this  leading 
objefl  in  view. 
''*"''k1  Among  the  experiments  made  with  this  vletv.  every  we  of 
"^  "     "  which,  il  muft  be  coiifcffed,  leave  the  great  (|iieflion  of  the 

nature 


lirsTRUUbMTs  nisTiweruaiMS   ei,bctricitv. 
jMture  antl  diteflion  of  the  Tuppofcd  eleflric  mailer  undefer- of  the  rtal  n«« 
jnined,  there  feems  to  be  only  iwo  which  afford  the  liinpic  ap-  'j'V^  -^^ 
pualus  we  are  in  ihe  habil  of  diftinguilhin^  by  the  name  of 
Joftrumentg.      As  both  inArumenls  appear  to  deferve  more  im-  Two  innrumena 
mediate  notice  Ihan  they  have  yet  had,  I  have  Inferted  them '^"J^'''^^"^',"^ 
in  Plate  VIII,  where  Fig.  4  tepit-rcuts  the  Galvanic  ""Ije,  ^^J  Q^.Iie 
which,  by  the  Ihilful  manngemcnt  of  Dr.  Wollalton,  isren-tubdj 
dered  capable  of  diJlirgu idling  the  courfe  of  elefiricily.     The 
ingenious  Mr.  Acum,  of  Complon  Street,  Soho,  who  fupplies 
chemifls  and  philofophcrs  vyith  apparatus  and  maleriali  (((^"""""^'""flr 
'  every  kind,  made  Ihe  inflrumettt  wliLirc  this  drawing  was  taken.  ' 

Two  line  gold  wires  are  fixed  in  feparale  Onall  glafs  lube.<^  by 
fuGon ;  aod  the  ends  of  llicfe  lubes  are  ground  away  till  the 
very  feClion  or  exlreniily  of  each  ivirc  'n  laid  bare:  at  ilic 
other  cod  of  each  tube  appears  a  larger  wire  jyilh  a  ball^ 
which  wire  cominumcalcs  with  the  gold  wire  within,  Thefe 
two  tubes  are  Rued  by  fulion  in  a  larger  tube,  provided  with 
a  conical  drawn  aperture,  through  which  it  can  be  filled  w!tb 
water,  all  but  a  fmall  vacuity  or  bubble,  and  then  fealed.  The 
apparatus  is  then  complete ;  and  if  a  flream  of  eleflricity  or 
Galvanifm  be  palTed  through  it,  the  water  is  decompofed,  and 
of  the  gas  thus  extricated,  Ihe  larger  Itream  of  hidrogen  (Iwmts 
the  minus  fide.  It  is  probable  this  inflrument  might  be  of  ufe 
in  almofpherical  obfcrvationt,  in  cafe  large  Hreams  of  eleflri- 
city  fliould  pafs  through  an  elevated  conductor  at  a  low  in. 
teniity. 

The  other  inflniment.  Fig.  5,  -was  conOruaed  by  myfelf— 
about  twenty  yean  ago,  from  an  obfervation  I  made  that  low  ™ 
soint*  ceafe  to  afl  as  fuch  with  the  plus  at  higher  elevations,  ^° 
ftiajn  with  the  minus  eleflriciiy.     So  that  if  two  balls  be  infu- 
lated,  and  a  low  point  proceeds  from  one  of  them,  eleflricity 
will  fly  through  the  interval  in  a  fpark  if  the  point  be  plus,  but 
will  be  filently  tranfaiitted  if  the  point  be  minus. 

This  indruinent,  hkc  the  oihcr,  may  be  applied  to  diltin- 
poiflr  the'  almofpheric  changes ;  but  it  will  be  efleaual  only 
wben  the  eleAiicity  is  ftrorig  enongh  to  give  fparlu. 
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IX. 

Se&ion  and  Plan  of  a  moveobfe  Crane,  capable  of  lieaviiig  ftnit 
Tom  Tuilkjour  Men.  Defigned  ami  eiecutedfor  tbt  Piir  at 
Itamjj^ale,  by  Order  of  lAi-  Trujlees  far  the  Management  ef 
thd  I/arbour  ai  tlrnt  Place.  By  Mr.  PeTBIt  Kkib,  if  SU 
Pancrat.     Communicated  by  Mr.  P,  Keir. 

To  Mr.  NICHOLSON. 

SIR, 

touoi  ind  it-  J.  HE  crane  reprefented  in  the  annexed  drawings  wai  con- 
^n  of  Che  ^rufl^d  3,  the  reqaeft  of  the  Ramfgate  Harbour  Truft.  It 
confills  of  a  ca(i  iron  frame,  marked  A,  Pl.ites  \.  and  VI, 
weight  Iwo  Ions,  and  9  feet  7  inches  fquare,  fapporled  bn  four 
raft  iron  wheels,  two  of  which  Iraverlt  on  a  centre  at  B,  by 
the  ratk  work  C,  to  (leer  it  when  moving  from  place  to  place. 
A  cad  iron  upright  (hafi,  D,  weight  23cwt.  fupported  by  oak 
braces;  the  weight  of  the  framing  and  wheel  work  is  fup- 
potled  by  a  lleclcd  pivot  on  the  top  of  the  (liafi  at  F,  round 
which  (he  whole  fwings,  including  the  men  lliat  work  it. 

The  drawing  is  fuffici en lly  plain,  lo  require  no  farther  ex- 
planation, ll  has  been  executed,  and  may  be  infpeded  at  any 
lime  on  Ramfgate  Pier, 

lam,  SIR, 

Your  obedient  humble  fervant, 

PETER  KEIR. 

utihet  piriicu-      Upon  inquiry,  I  find  (haf  llie  original  iiiflru6lions  were  lo 
'•■  make  a  crane  capable  of  railing  four  Ions,  and  that  Ihc  centre 

piece,  or  upright  fliafl,  was  at  firll  madeof  oak  :  but  that  the 
llrain  for  difengaging  goods  from  Iheir  (lowage  requiring  the 
occalional  exertion  of  a  greater  power,  it  was  found  advife- 
able  to  fubfiilule  the  prefenl  iron  piece.     The  cofl  of  Uiis  en- 
gine was  four  hundred  pounds;  but  from  tlie  above  circum- 
and  particularly  becaufe  the  e\pence  of  pattern!!,  &c. 
[  not  again  be  requifite,  I  am  informed  tliat  others  might 
V  be  uiadc  for  three  hundred  pounds  each. 

W.  N. 

Exf'-riminla 
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X. 

Expenment$  on  ilte  Separation  of  Ligfil  and  Heat  by  RefraSioa. 

In  a  Letter  from  Sir  U.C.  Enolefielii,  Bart.  F.  It.  S. 
'    to  Thomaa  Young,  At.  D.  F.  R.  S.     From  l!u:  Journol  of  the 

Rot/ai  lii/lilution,  p.  202. 

Dk*»  Sib, 

In  puifuance  of  your  delirc.  I  communicate  ta  you  the  ex-  UcKr  to  On 
perinients  which  I  inatlf  in  coiifequeiic^  of  Dr.  Hetfchei's  ^""^ 
moll  tnlerejliiig  cUfcovery  o(  tim  fcpaiatiun  ol'  folar  heat  and 
ligljt  b/  lliL'  prilin.  They  carried  with  tliem,  lo  my  mind,  a 
coinplelo  coiivldion  of  the  truth  acd  aircuracy  ol'  the  Doflor'a 
alTurtiaui  on  that  fubjufl.  Should  j  ou  Judge  tbum  woilhy  ol' 
i'nfertion  in  ihi;  Journals  of  the  Royal  InlliLution,  I  Ihall  LhjnL 
siyrdf  lionoured  by  llieir  pubUcatiun. 

I  am,  Dtrar  Sir. 

Vouf  faithrul  Sefvaal, 

H.  C.  ENGLEFIELD. 

As>  I  wai  (lclirou4  not  only  to  aiccrlain,  by  aftual  obfervn-  intraauawj 
Hon,  the  very  curious  difcovery  of  Dr.  Herfchel,  but  lo  obvi-  '"»«'»• 
>te  the  objection  made  by  Mr.  Ledie  *  to  the  mode  in  which 
hit  ocperiments  had  been  made,~[  contrived  an  apparatus 
tbtally  dilTerent  in  iu  arrangemeni  tVom  that  which  had  been 
tired  by  the  Doflor ;  and  diTporcd  in  fuch  a  manner  that  it  was 
impofliblc  that  the  thermometers  Ihould  be  nffefled  by  any 
foreign  heat  reftcflfd  from  any  part  of  it.  As  to  the  heat  re- 
fle£led  from  the  floor,  it  conid  not  inHuence  the  refults,  fince 
it  wai  the  fame,  tvhalever  colour  was  thrown  on  the  ball  of 
the  therm om tier. 

Ai  I  had  nolliing  (o  do  with  light,  il  was  not  necelTary  to  A  priibi 
daflten  the  room ;  and  as  I  wifhed  fo  accumulate  as  large  a?'*"!'? '"^ 
portion  of  folar  heat  a;  polTible,   I  placed  the  prifni  in  an  open  loom.  not  duk- 
window,  iniiead  of  admitting  a  beam  through  an  aperture  in  ""''• 
■  fliutter,  as  h  ihe  ufital  prafiice.     The  prilin  I  ufcd  is  a 
very  good  one  ;  and  it  was  lent  to  me  for  this  purpofe  by  Mr. 
Walker,   of  Conduit.Slreet.      Il  is    three  inches  long,  and 
equilaleral.  each  fide  being  1.15  inch  broad.  '     ' 

*  In  hit  commubicaliuni  to  the  Philofophic  Jouinil  (quirto)'     i 
.,,  I  Vol.  IV'  p.  344,   416- 
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0»    TM^   SIP«RATro!f    OF    UGBT    *XD    HI«T. 


^^P  It  wu  fappoited  by  an  horisoolal  arm,  projecting  from  i 

■^  pole  like  iJiat  of  a  fire-fcreen.     The  arm  couM  b^  adjufted 

B^  to  any  height  by  a  (crew  ;  and  the  prifm  waa  likewife  capable 

of  being  turned  on  its  axis  to  anv  required  poiitton. 
fcu*  ^"^raT        ^^  coloured  fpedrum  was  thrown  uii  a  very  good  lens* 

of  four  inches  in  diameter,  and  about  22  inches  focal  length. 

»Thii  lens  forined  part  of  a  machine  well  known,  and  ufed 
for  viewing  prtoli ;  it  Hands  on  a  fi.'ut  ailjujlable  in  any  di' 
region,  and  to  anv  height ;  and  the  ni'iunling  beirg  of  woo<t> 
and  n!»erely  fuffidenl  to  fopport  the  lens,  Icarcely  any  beat 
can  be  accumulated  in  any  pari  of  it.  The  whole  lens,  ai 
well  as  ii5  monntrng,  wai  covered  with  a  ihick  white  pafte- 
Tli««ghi(llt    board  (creen,  in  which  was  cul  a  Hit  of  3  inches  long,  and 

^^^th^\i  fi^'f  ^"  '""^  "'•<'«:  ">'*  <^'^  '""  «''«  "'«  <^<-""^  "*■  '''^  ''="*: 
tofiM.  and  through  it  any  one  of  the  colours  requited  was  admiltcd 

Ion  the  lent,  while  all  the  lefi  of  the  fpeflrum  was  totally  ex- 
cloded.  A  light  wooden  arm,  of  two  feet  long,  projefled 
at  right  angles  fironi  the  lower  part  of  the  muiinting  of  the 
lens.  This  arra  carried  a  fmall  fereen  of  poliliied  card,  which 
received  the  image  formed  in  the  locus  of  ilie  icns.  This  was 
found  necelfary,  in  order  to  find  with  certainty  where  to  place 
tlie  ihermonieter ;  whtn  the  local  dilHtice  was  found,  th& 
fereen  was  moved  back,  about  a  diameter  or  the  bulb  of  the 
thermometer  ufed,  which  was  then  held  by  the  hund  in  the 
focui  oi"  the  lens,  wiiich  was  done  with  great  eafe  and  cer- 
tainly, as  nothing  more  was  uecedary  than  to  Cin  t!ic  eye  on 
the  card  fereen,  and  keep  tlie  ball  of  die  thermometer  in  tlie 
centre  of  the  luminous  image.  The  whitencCs  and  poliib  of 
the  fereen  totally  precluded  any  accumulation  of  lieat  in  il| 
nor  indeed  would  fuch  accuoiulalion  have  been  of  any  delri- 
tnent  to  the  experiments  liad  it  exilled  ;  lor,  as  it  mud  have 
been  entirely  owing  to  the  raj  under  examination,  it  would 
liavc  done  nolliing  more  (lian  increafe  the  efied  of  it  on  the 
(hermomeler. 
*"""^  The  thermometers  ufed  were  mercurial,  and  very  feniible, 

WM  held  in  the    The   fcales  were   ivory   tubes,  embracing  the  llem,  and  gra- 
^"'  duated  within.     The  ball  of  the  infirument  was  iherelbre 

unconnected  with  any  mounting  ;  and  no  falfe  heat  could  pof- 
~  fibly  afTed  it.     Tiie  balls  were  moflly  blackened  with  Indian 

ink,  carefully  laid  on ;  but  fome  were  ufed  naked,  and  one, 
coveccd^ilh  while  watcc-colour  paiutt 

The 


Tile  lens,  wiLh  its  apparatus,  was  placed  ahoat  three  feet  Pa 
from  (he  prifm ;  and,  as  the  fun  was  prclly  high  in  the  greater  " 
fort  ol  the  experiments,  and  llie  defcending  rpedrum  was  in 
(Kieral  ufcd,  the  floor  under  the.  fiiind  of  the  lens  was  in 
Ibsde,  from  the  wall  bdow  the  window,  and  had  been  fo  all 
day,  as  the  window  at  which  moil  of  the  experiments  were 
itnade,  fronted  the  fuuth 

jnie  part  of  this  detail  inij;ht  fecm  fuperfluoiis,  had  not 
ibch  llrefs  been  kid  on  the  fupjiofed  actumulation  of  lieat  in 
jDf.  Herfchel's  vxpcrioicnls,  that  it  was  nccclTary  to  obviate 
.any  objcflion  on  that  head ;  or  (o  lliow,  at  leall,  the  utler 
jfUprobabiltty  of  any  caufe  of  lliat  nature  liaviji);  afleded  the 
refuks  of  ihefe  experimtints. 

I  now  proceed  to  relate  iheexpcrimenls  themfelves;  which 
{  lliall  tranfcribc  from  tiie  original  noics  made  at  the  moment. 

April'i,  HOI. 

The  apparatus  being  difpofr-d  as  a-bove  defcribed,  the  co-Ci 
loured  rays  of  ilie  dt-fccnding  fptflrum  of  iheptifra  wecefuc-'l' 
ceflively  thrown  on  the  flit  in  the  fcreen,  covering  ihe  lens  jof 
llie  thermometer  with  a  blacl^ened  ball,  placed  in  the  fo-'^' 
■VOs  of  the  lens,  rufe  at  fallows : 

In  Ihe  blue  in  S',  from  5i*  to  56".  or  l». 

Green  in  3',  from  5+°  lo  HH".  or  4". 

Yelluw  in  S',  from  56"  lo  m".  or  6". 

Full  red  in  2*',  from  56"  to  72".  or  io". 

In  the  confines  of  the  red  in  '2i',  fromi3°  to  731°.  hr  iSf. 
,  Quiteoui  of  viiible  light  111 'Ji',  fiora  dl"  tola",  or  18". 

Between  each  of  llie  obfervaiiurka  the  thennoaieter  wai 
|tlaced  in  Ihe  Ihade  fo  long  ai  to  fink  it  below  the  heal  to  which 
it  had  rilen  in  the  preceding  obfervation ;  of  coutfeiliTife 
above  that  point  could  oidy  be  tlte  eH'ecI  of  tlie  ray  to  which 
ill  wj*  now  expofed  ■■  A  thermometer  placed  conl'lanUy  in 
4be  Jhadc  near  tlie  apparatUR,  fcaicely  varied  during  the  expe> 
•jiioenU. 
-    April  ITth,  11,  A.M. 

Three  Ihennometers,  ufed  afterwardi  in  the  experiments, 
were  expofed  to  the  fun's  rays  imtil  tiiey  becanje  ftalion»fy. 

*  In  all  the  expciimenti  the  Ihcrinamcttr  wat  continued  in   ihc 
iocui  long  after  it  had  ccafed  to  rifc)   Thcicfore  ihe  heals  givc«  are 
the  greateft  ef«a  of  the  fEveril  ra/s  on  the  ihcrmomflei  in  etch  ob- 
ftnation. 
*■  The 
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OK    THE    SEFHIIATIOH   OF    LICnr   AND    8EAT<  I 

Tlie  therinomi.-ter  with  | 

Naked  ball 58**       i 

Whitencl  ball    .     .   ■ 58i» 

Blactened  ball 63' 

The  apparalus  being  placed  all  as  before,  IJiu  bSacktned 
therm  nmeler 


In  full  red  raj  in  3',  from  38*  to  CI',  or  3°. 

In  quilc  dark  in  3'.  Trom  59"  to  PI',  or  5°. 
'    The  whitened  thermometer 

In  full  red  ray  in  3',  from  55**  lo  58".  or  3*". 

Ill  quite  dark  in  3',  from  iS"  lo  SHi".  or  Ol". 

The  blackened  thermometer  wa«  now  ugaiii  placed  'm  the 
quite  dark,  and  rofe  in  3',  from  .iS"  lo  61°.  or  4", 

This  is  what  ]  expefled,  as  a  ihick  fmoky  liazc  had  come 
on  fiiice  Ihe  experiments  were  begun,  and  iiicreafcd  mucli 
towards  (he  end  of  them. 

April  18,  II,A.^f.  Sun  clear.  All  the  apparalus  as  before- 

In  the  confines  of  the  red. 

Black  thermometer  in  3',  from  .^O"  to  7 1', 

White  ihermometer  in  3',  from  571"  to  60^'.  Clouds 
came  on,  ami  put  3  Hop  lo  the  experiments, 

April  19.  si  P.M.  Sun  clear. 

in  llie  full  red  ray. 

Black  Ihermomelcr  in  3',  from  66"  lo  $2" 

White  thermometer  in  3',  from  UC"  lo  69^*. 

In  the  confines  of  the  red. 

Black  thermometer  in  3'.  from  67°  to  79|'.     But  thii. 

W^tD,  quilt  i^k  jj^^^y  ^,^^j^  j^^  ^^^^  ^^^^  ^^  ^y^_ 

In  quite  dark,  half  an  inch  out  of  the  red. 
Black  thermometer  in  3',  from  70°  to  Si". 
TnnGtioni  fniin      When  the  thermometer  was  carried  into  the 


rEiiKrinwncIIl. 
BUcL.  ih<:t.  rofi: 
In  ujuAae  of  red 
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Whiwdo.iio.3' 


EapoWnt  IV, 
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it  red  tight, 

'-  it  funk  quickly ;  and  rofe  again  as  quickly  when  carried  into 
(be  dark  focus :  but  when  carried  into  the  dark  on  tlie  other 
fide  of  the  red  light,  it  funk  very  rapidly,  and  did  not  appear 
to  receive  any  heat  at  all.  Thin  clouds  increafed,  and  ren- 
dered Ihe  fun's  light  too  laint  for  further  c\perimenl5. 

April  20,  from  lOj  to  111,  A.  M.  Sun  quite  clear. 

Altlioiigh   it  could   n.ot   be  fuppofcd  that  eHeSs  of  the  re- 
fi^^cd  light  could  differ  in  the  two  TpcfirB,  yet,  in  order  to 
nfc^ain  the  fuft,  the  IiOTizonlal  fpefirum  was  ufed  in  the  fub- 
Ii!(]uet>L  experiments, 
^.r  The 


ON   'Mki    SEf^AKATIOK    OV    tIGHt    AND    HEAT. 

The  appartftns  all  th^  fame  as  in  the  former. 
'    In  the  full  ned  ray.  Black  therm. 

:    Black  thermometer  in  3',  from  67 »  to  7 1 P  J"",/***  <i 

Qaite  out  of  the  ray. 

Black  thermometer  in  3^  from  68 <>  to  774**. 

The  ray  was  now  fo  far  removed  from  the  flit  in  ihe  fcrceh^  Darker  io{*« 
that  fcarce  any  light  ivAs  perceptible  in  the  focus  of  die  lens. 
The  black  thermometer  wis  now  plafced  near  half  an  inch 
from  the  b<)und  of  the  vifible  light  Tn  the  fbcas>  :bid  rdfe  in 
S',  from  69®  to  794*>. 

The  utmod  edge  of  the  prifmalie  fpe61'rum  was  now  removed  Moft  dark  9». 
an  eighth  of  an  tndh  from  the  edge  of  the  Hit  in  thd'  fcreed ; 
and  no  light  was  now  vifible  in  the  focus  of  the  lens. 

Black  thermometer  in  3',  from  70**  to  79®. 

Mr.  Cary,  optician  in  the  Strand,  and  Dr.  Hunter,  were  The  diffeienct 
prefent  at  thefe  experiments,  and  repeatedly  faw  the  thermo^  S'^touSf  ^^ 
meter,  in  the  fecond  experiment,  fink  when  carried  into  the 
lijfht,  a^d'rife  agam  when  renrovecf  6a*cfe  into  the  dart.  Dr. 
Hunter  alfo  received  the  focus  on  the  palm  of  his  hand,  where 
tlie  heat  was  fenfibly  felt;  and  on  (hutting  his  eyes,  and  point- 
ing with  a  lohg  pen  tb  where  the  heat  was  greatefi,  he  afwayh 
touched  his  hand  beyond  the  vifible  light. 

As  the  red  image  has  been  continually  mentioned  in  the  Dcfcriptfqp  of. ^ 
courfe  of  the  above  recited  experiniehts,  it  may  not  be  im-  ****  «M8«« 
proper  to  defcribe  it  more  partidulariy.  The  diameter  of  the 
red  fpot,  formed  by  the  ray  in  tlie  fbcus  oF  the  lens,  was  juft 
two  tenths  of  an  inch  in  diameter,  at  right  angles  to  the  length 
of  the  fpeftrum,  and  well  defined  :  in  the  direftion  of  the 
f)>e6friim  it'  was*  elongated',  ,as  might  be  expelled,  and  lefs 
well  defined: 

When  the  whole  vifible  fpe6^rum'  frorii  tlic  prlfm  was  re- Very  faint  iwlla 
ceived  on  the*  fcreeri  which  covered  ttic  lens,  and  the  utmoft  ^  holt  waa 
edgfe  of  the  red  rays  was  removed  i  full  eighth  of  an  inch  greattft. 
Ih>m  the  edge  of  the  flit  in  the  fcreen,  there  was  flill  a  faint 
bfofh  of  red,  of  a  femioval'  form,  vifible  when  the  focus  of 
the  lens  was  thrown  on  a  white  fcreeii ;  and  it  was  in  thefe 
circnmftances  that  the  greatefl  effort  of  heat  was  confiantly 
produced  on  the  thermometer,  not  by  placing  it  in  the  led 
Kght,  but  out  of  it,  in  the  axis  of  the  lens. 

I  have  only  to  add,  that  in  the  courfe  of  the  month  of  June  Repetition  of 
1 802,  I  repeated  mofl  of  thefe  experiments  with  the  fame  «»P«^»«*»^ 

Vol.  IIL«-Octobsr^  1802.  K  apparatus* 


nplels       1 


^H  apparatus,  in  prefence  of  Mr.  Davy,  wiih  ihe  mod  com] 

^1  Tuccefj;  the  fun's  altitude  being  greater,    the  efleO  of  hi 

^H  lays  was  fo  great  as  to  raifc  tlie  (liermomeler  in  iJic  invi&ble 

^B  ray  1096",  while  (lie  vifible  red  never  raifed  it  above  87°. 

^^P  A\.  the  fuggeDion  of  Mr.  Davy,  we  tried  feveral  experiments 

H  with  refpefl  lo  the  power  of  (he  feveral  coloured  rays  in  cen- 

Ttieblucnyiit-dering  Canton's  phofphorus  luminous ;  and  we  found,  with- 

'"™"'hLf"h""    ""'  ^  poffibility  of  doubt,  that  the  blue  rays  poflefled  that 

nwKthiniiicKd  power  in  a  much  higher  degree  than  the  ted.     There  wai 

I  great  reafon  to  fufpefl  that  this  power,  like  that  of  blackening 

the  nitrate  of  filver,  extended  beyond  tiie  vifible  blue  ray . 
but  our  apparatus  was  not  prepared  lor  the  more  delicate  part 
of  therecxperimcnL<<,  which  are  only  mentioned  vrllh  a  view 
of  exciting  further  refearches  on  this  very  intercDing  fubjeft, 
and  of  giving  to  Mr,  Davy  the  credit  due  lo  him  for  having 
firft  thought  of  the  experimeal. 


XT. 

On  the  Erpanfion  nf  the  Einfiic  Fluids  by  Hiat*     5yMr.  Johw 


the  fame 
and  du  Vcrnois  in  the  firft 
appearing  lo  liicm  that 


OcuGon  of  the  X  HE  principal  occafion  of  this  effay  !s  anothi 
l^""""""^  fubjeft  by  Meffrs.  de  Morveai  "    '" 

vol.  of  the  Annales  de  Chimie. 

the  refulls  of  the  esperimenb  of  De  Luc,  Col.  Roi,  de  Sauf- 
fure,  Prielllcy,  Vandennonde,  fierthollet  and  Mnnge  did  not 
fufliciently  accord  with  each  other ;  and  that  it  would  be  of 
importance  to  determine  not  only  the  whole  expanfion  of 
'  each  gas  from  two  diflant  points,  fuch  as  the  freezing  and 

boiling,  but  likewife  whether  that  expanfion  be  uniform  in 
every  paH  of  (he  fcale,  they  inftiluted  a  fet  of  experiments 
E«peiini(nti  of  exprefsly  for  thofe  purpofes.  The  refult  of  wliich  was,  that 
.y^'^i"''°"  betwixt  the  temperatures  of  3-2°  and  212",  the  whoiecspan- 
fion  of  one  gas  difiers  much  from  that  of  another,  it  being  in 
one  inllance  about  -^  of  the  original,  and  in  others  more  than 
] 2  times  that  expaiiiion  ;  and  that  the  expanfion  is  much  mute 
for  a  given  number  of  degrees  in  the  higher  than  in  the  loner 

•  Manch«flcr  Memoir),  V.  595. 
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part  of  (he  fcalc.  Thefe  conclufioiu  were  (o  extremely  dif- 
cordant  with  and  even  contiadlftory  (o  thofe  of  others,  thai  I 
could  not  but  fufpeft  fome  great  fallacy  in  their,  and  found  it 
in  reality  to  be  the  faA :  i  have  no  doubt  it  Hrofe  from  the 
want  of  due  care  to  keep  the  apparatus  and  maite rials  ftee 
(torn  moi flute. 

My  method  of  experimenting  on  this  fubjefl  is  Cmple,  and  The  anAor** . 
Iherefore  lefs  liable  (o  error.     A  ftraight  manomeler  lube,  ^'  ,^  ^^^^^ 
luch  as  has  been   nictilioned,  is  duly  divided  into  equal  por-ccc  tube, 
tions  of  capacity;  it  is  (hen  dried  by  a  wire  and  thread,  and  i 

the  open  end  inferted  through  a  corlc  into  a  phial  containing  | 

fulphuricacid,  in  order  that  the  aqueous  vapour  may  be  drawn  -1 

out  of  the  lube ;  this  h  efTenlial  if  we  operate  in  temperatures 
lower  than  that  of  the  Htmofphere,  otherwife  not.      For  wantmd  lirdried  bj 
of  Ibh  attention.  Col.  Roi,  in  his  valuable  paper  in  the  Philos.  '"'f*"  ""*■ 
Trauf.  vol.  67,  has  been  led  into  fome  erroneous  conclufions.  ^^h 

A    fniaQ  column   of  dry  mercury  is  then  let  down  to  a  proper  ^^^H 

point  in  ihe  manometer,  and  it  is  ready  lor  ciiperiment  with  ^^^| 


It  requires  fome  addrefs  lo  fill  the  manometer  with  any  other  M*d>odof  iBIliij' 
gas. — i  fucceeded  bcft  as   follows;   filled   the  tube  with  dry        manameter. 
mercury  ;  then  puflied  down  a  wire  with  thread,  fo  that  when 
the  wire  was  got  to  the  end  of  the  tube,  a  thick,  covering  of 
(thread  jult  entered  the  open  end,  and  held  the  mercury  like 

a  cork,  fo  that  the  lube  could  be  inverted  without  lofing  the  A 

contents ;  then  having  a  glafs  funnel  with  a  perforated  cork  ^^^| 

over  the  water  apparatus,  containijig  the  gai,  1  flipped  the  ^^^| 

nanometer  through  (he  hole  in  the  cork,  and  putting  my  hand  ^^^| 

into  the  water  under  the  funnel,  drew  the  wire  out  of  the 

nanomeler,  and  with  it  the  mercury;  upon  which  the  gas 

entered  the  manometer.     For  carbonic  acid  gas,  I  opened  liie  Carbonic  Kid 

feaicd  end  of  the  manometer,  drew  it  out  lo  a  capillary  bore,  •"* 

and  forced  a  ftrcHm  of  the  gas  ihrou  gh  the  tube ;  Uien  putting 

my  finger  un  the  other  end,  fi^aled  it  again  by  a  blow-pipe, 

and  let  down  a  fmal!  column  of  mercury  to  the  proper  point. 

When  the  manometer  was  to  be  expofed  to  a  heat  of  212°,  SinqJe  mtthod 
1  ufed  a  Florence  flalk,  with  a  lone  elafs  tube  corked  into  it,  "f.'PP'r"* '*'» 
H)  fuch  fort  that  as  much  ol  the  manometer  as  was  necelTary 
tu  be  enpofed  to  the  temperature  might  be  in  the  tube  ;  then  ,, 

the  water  at  the  bottom  of  theflaflc  wax  made  to  boil  violently,  | 

lo  that  a  conflant  llream  of  vapour  ill'ucd  out  of  the  lop  of 
"^  K2  tb^ 
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(lie  glafi  tube,  which  wu  found  to  rajfe  the  thermomelcr  to 
SI'S".  SinaJJ  l{>ecks  of  white  p:iinl  were  put  upon  the  divifioni 
of  the  nuuiometer  together  witii  numbers  which  were  difeern- 
ible  tbcou^  the  coot&ming  IuIm.  For  lower  temperaiutes, 
B  deep  lin  veSei  conlMRing  but  ivaler  wss  ufed,  in  wliich  ihc 
nianumeler  wns  immerfcd,  tlie  wate-r  being  well  agitated  pre- 
vioiifly  to  lath.  obfervaljon. 
Tlie  canctujioni  From  b  great  many'  en  jieriinents  msde-in  tbit  way  on  ccaai- 
"  '^5jj"^ ^"J'' man  air,  and  likevvifc  iipooihydroBenous  gas,  oxygenous  and 
an  iccuricci  iull<m»  gaJes,  luid  caib(ii>ic  aud  gas  I  can  aflert  Ibat  tlic  con> 
M^'^^'^^d  (jlufioaaof  DiiLuc,  ILoi,  Sauirure,  Bcrthollet,  &c.  are  nearly 
VciiKMinoi  to.  at-turale  throughout,  and  that  thufe  of  ile  Morveau  and  ds 
\'cinon  sre  exlKincly  inarciirau:  in  ibe  higher  temperalureit 
Bmpn&mtl  L  hare  rcpLtiudJy  Ibund  timt  lOUO  pans  ol'  common  air  of 

(ooiiMn.su'.      the  icniperatuio  jj°  and. con m on  preiriire,  expand  to  I32J 

►  parts  ol.  the  monomclca- ;   to  whii  li  adding  4  parts  toi  the 

correlponding  cxpaniion  *•!  glal<,  we  ha.ve  325  paiU  Incrcafe 
upon  liXKl  fmm  .SA°  to  21 '2°  j  or  tor  157°  of  the  therm ome* 
_     latermdiiiM       Ific   fi;ili.'. ,   As  for  [lie  expanfion  in  the  intermediate  degrees, 
**»"'''"'•  which  Cd.  Roi's  expcfinienl.1  ftiew  to  be  a/oit/ji  dititijdjlang 

qiMi  above  the  temperature  of  il".,  but  which  de  Morveau's 
on  I  lie  con  tea  r.v  Hicw  to  \ie  a  rupuUjfiaertafiiig  one  tn  Ihehtghef 

tpart  of  iIm  fcalr;  J  am  obiised  to  allow  that  Col.  Roi  is  right, 
thbsgli  it  naiicB  in  fomc  4i.-greB  againfi  an  hypothelis  I  hava 
fermed  relative  to  iho  JubioS ;  he  has  certainly  howeves 
made  the  dimiiiiiliati  too  gcitat  from  72°  downwar'ls,  owing 
IB  his  n^t,  pel  ceiling  that  lie  aSually  i^riroyfda  portion  of  the 
atafttcflaid  he  wasopcratiuir  u|>oii  (aqueous  vapour)  in  redu- 
dtlg  its  teinjterature  fo.  tow  ;  it' his  air  had  been  previoutly 
dried  by  fulphudc  acid,  &c.  ho  would  not  have  found  fo  re- 
naikaUediiniiiutiun  below  72°.  My  experiments  give  for 
77i'^abavoiJi°,  167  parts;  for  theneNt77{°  only  15B  parts; 
and  the  tf\paiilion  in  every  part  of  the  fcaJe  feemi  to  be  a  gra- 
dually diminifbiag  one  )»  afcendifig. 
-im  giUt  The  rdiilts  of  ii^etaL  eicperiments  madu  upon  iivdrogenouft 

«l««-«i(hu)Bi-gj,5^  oxygenous. gas,  carbonic  acid  gas  and  nitrous  gai,  which 
were  all  the  kinda  I  tried ,  agreed  with  ihofe  on  common  air 
rtut  only  ia  tl)e  total  expanfion,  but  in  the  gradual  diminu- 
tion of  it  in  aii:eoding:  tiie  fmall  differences' obferved  never 
exceeded  G  or  8  parta  on  tJie  wliole  325  ;  and  dilTerencei  to 
,        .  thi« 
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Ijbis  UQount  wiU  take  place  in  common  atr/  when  jiotfreied 

ffom  aqueous  vapour,   which  was  the  Situation  of  all  my 

fiiftkious  gafes. 

.    Upon  the  whole  therefore  I  fee  no  fufficient  reafon  why  we  The  law  Is  gc- 

may  not  conclude,  that  ail  Hajticflmdf  under  the  Jiime  prejfure^^^,  ^^^  *}^ 

expand  eipudli/  by  heat, — and  that  Jbr  auy  given  expanfion  qfrner^ 

€wy,  the  corr^fmdiHg  expanfion  qf  air  ie  proportionally  JtrnW" 

thing  lejs^  the  higher  the  temperature. 

This  remarkable  fad  that  all  ela<lic  fluids  exj>and  the  fame  Suppofed  caafe 
<j[Oliiltky  in  the  faaie  circumfiances,  plainly  fliews  that  the  ex-  ^^y  hiTc  to 
paalion  depends  JtUely  upon  heat :  whereas  the  expanfion  in  JJoaaion,"* 
iblid  and  liquid  bodies  feems  to  depend  upon  an  adjuflment 
of  the  two  oppofite  forces  of  heat  and  chemical  affinity,  the 
one  a  conftant  force  in  the  fame  temperature,  the  other  a  va* 
viable  one,  according  to  the  nature  of  the  body ;  hence  the 
unequal  expanfion  of  fuch  bodies.     It  feems  therefore  that 
general  laws  refpe6ting  the  abfolute  quantity  and  the  nature 
of  heat,  are  more  likely  to  be  derived  from  elaitic  fluids  than 
from  other  fubftances. 

In  order  to  explain  the  manner  in  which  efoflic  fluids  ex-  Hjpothefit  to 
pand  by  heat,  let  us  aflTume  an  hypotheiis  that  the  repul five* *P^*j^*'*^ 
force  of  each  particle  is  exactly  proportional  to  the  whole        ^^ 
quantity  of  heat  combined  with  it,  or  in  other  words  to  its 
temperature  reckoned  from  the  point  of  total  privation  :  then, 
(ince  the  diameter  of  eacli  particle's  fphere  of  influence  is  as 
the  cube  root  of  the  fpace  occupied  by  the  mafs,  we  (hall 

have v' 1000*^   1325  (10    :   11,    uearl))    ::    the  abfolute 

quantity  of  heat  in  air  of  55^  :  the  abfolute  quantity  in  air 

of  212®.     This  gives  the  point  of  total  privation  of  heat,  or  Singular  colnei^; 

abfolute  cold,  at  1547  °  below  the  point  at  which  water  freezes.  ^^?"  "  '**  **** 
_  •  '  »  abfolute  aero. 

Dr.  Crawford  (On  Animal  Heat,  &c.  page  267)  deduces  the 
faid  point  by  a  method  wholly  different  to  be  1532®, — So  near 
a  coincidence  is  certainly  more  than  fortuitous. 

The  only  objedion  I  fee  to  this  hypothcfis  is,  that  it  necef-  An  objeaion  If 
farily  requires  the  augmentation  of  elaflic  fluids  for  a  given  ^c^lmittbeex^ 
quantity  of  heat  to  be  greater  in  the  higher  temperatures  than  cory  to  be  m  tlw 
in  the  lower^  becaufe  the  cubes  of  a  feries  of  numbers  inh"^*  butnotib 
arithmetical  progreffion  differ  more  the  larger  the  numbers  or  ^  uw  of  ail 
roots :  but  it  has  Jufl  been  fhe wn  that  in  fad  an  augmentation  other  fluuls. 
of  a  contrary  kind  is  obferved.    This  refers  us  to  the  con- 

iid^r- 
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lideration  whether  ihc  mercurial  Ihennomelcr  h  an  accurate 
meafure  of  the  increments  of  heat ;  if  it  be,  the  hypothefi* 
(ails ;  but  if  equal  increments  of  heat  caufe  a  greater  expan- 
fion  in  roercury  in  the  higher  than  in  the  tower  temperatures, 
and  that  in  a  fmall  degree,  the  fa£t  noticed  above  indead  of 
being  an  objection  will  corroborate  the  hypotheljs.— Dr.  Craw- 
ford determines  theexpanlian!' of  mercury  to  be  very  nearly 
in  proportion  to  the  increments  of  heat:  M.  Dc  Luc  makes 
them  to  be  lefs  for  a  given  quantity  of  heat  in  the  lower  than 
in  the  higher  part  of  the  Icale ;  and  in  a  ratio  that  agrees  with 
this  hypothefis.  Now  as  every  other  liquid  we  are  ac- 
quainted with  is  found  to  eMpand  more  in  the  higher  than  in 
the  lower  temperatures;  analogy  is  in  favour  of  the  conclu- 
lioni  of  De  Luc,  that  mercury  doc5  the  fame. 


Gmilirnfuicliei 
by  Mi.  Ciy 

LuOx. 
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In  the  Bulletin  des  Sciences,  there  is  a  notice  of  a  memoir 
of  Cit.  Gay  LuITar  on  the  dilation  of  (he  gafes  and  vapours ; 
and  the  memoir  itfelf  is  given  in  the  43d  volume  of  the  Amials 
de  Ch^tnie,  whence  I  (hall,  a?  early  as  convenient,  give  either 
a  full  abflrafl  or  a  traiiliation.  This  able  author  gives  the 
fame  conclulion  »s  that  of  Mr.  Dallon.  and,  like  him,  attri- 
butes the  errors  of  preceding  experimenters  to  the  humidity 
of  the  gafes  they  examined. 

His  experiments  were  made  by  expelling  the  gas  from  a 
glafs  ball  properly  fitted  up,  and  determining  the  expanfion 
by  weighing  (he  apparatus,  after  water  had  been  fulTered  to 
come  in  during  the  cooling,  to  occupy  the  fpace  of  t!ie  ex- 
truded gas.  He  very  candidly  informs  us,  that  Cit.  Charles 
had  deduced  the  general  refult  of  the  equal  and  fimilar  expan- 
fion  of  all  the  gales  by  heat,  under  like  preflure,  fifteen  years 
before,  though  he  did  not  publith  it ;  and  he  gives  an  hiftorical 
account  of  the  labours  of  his  predecefTors ;  fo  that  we  miiil 
necelTarily  conclude  that  he  could  not  have  feen  the  late  pub- 
lication of  the  Manchefter  Society,  in  which  the  extenfive  re- 
fearches  of  Mr.  Dallon  are  inferted ;  and  wherein  it  appears 
that  the  preceding  memoir  was  read  about  a  year  before  that 
of  Mr.  Gay  LulTac  was  read  to  the  Inftitule.  The  French 
Philofopher  finds  the  expanfion  or  increafe  of  dimenfion,  be- 
tween the  freezing  and  boiling  water  points,  to  be  0.  375, 


>X^EKIMEt(TS 


«IC    ELtCTUICITY. 

1  55*  and  212°,  or 


.which  gives  for  the  (pace  between   55*  and  212°,  or  157". Hew  fir  ihej 
fte  qoantily  0.  327  inllead  of  0.  321 ,  as  Mr.  DaUon  finds  il.'^™' 
This  difference  of  fomewhal  lefs  tha.i]  one  fiftieth  part  of  the 
fespanlion,  may  perhaps  have  arifen  from  a  difference  in  the 
Icsles  of  operation,  of  perhaps  the  difhcalty  of  producing  a 
given  temperature  through  the  whole  mafs  of  a  fluid,  SiC. 


xn. 

Account  qfJbMe  Eipetimenti  made  in  the  Laboratory  qf  lite  Hoyot 
JnfiiluHim,  relating  to  the  rfgwiciw  qf  Galvanic  Ele^rieily,  in 
producing  Heat,  and  in  eJiSing  Change!  in  dijirenl  fiuid  Sab- 
Jianeet.     By  H.  Daw,  Pr-if.  Chem. 

I.  It  has  been  fliown,  by  a  very  interefling  experiment  made DircOTtry  of 
in   France,  by  Melfrs,  Fourcroy,  Vauciuelin,  and  Th^nard,  °"|^'^^J^^ 
that  the  power  of  galvanic  batteries  containing  large  platei,  tomtd,  of  ihe 
ignite  metallic  fubflances,  is  much  greater  than  tliat  of  balte-<"'j^J '«'^"' 
riescompofed  of  an  equal  number  of  fmal)  platen ;  (hough  Iheiroit  pliui. 
igencies  upon  water,  and  upon  the  human  bodj',  arc  nearly 
the  fame. 

In  examining  the  circumflances  of  theaflionofa  galvanic  Thetrou£hwith 
apparatus,  or  trough,  conftrudled  in  the  Royal  Inflitulion,  and ,j^**^ ',,.,,  j^ 
containing  twenty  ferics  of  plaice  of  copper  and  zinc,   fquare.af  chtm^eal 
and  thirteen  inchw  in  diameter,  I  obferved  that  the  fame  rc!a-^'^^_,''^  "^^ 
tioni  between  chemical  agt^ncy  and  the  produflion  of  galvanic 
eleflricity  exifled  as  in  other  cafes.     When  pure  water  was 
itfed  Tor  filling  the  cells,  the  fparks,  a*  well  as  the  (hocks, 
trere  extremely  indiftinfl  ;  and  the  battery  was  capable  ofig-Wuci  hwl  little 
aiting  only  aboat  a  line  of  iron  wire  of^^  of  an  inchindianie-*T°**'  f*'""* 
tET.     With  lolulion  of  raufialc  of  foda  it  aCled  better  i  and  di- 
inled  nilricacid  wasftill  more  efficacious.     With  this  lall  fub- 
iUnce,  it  became  capable  of  rendering  white-hot  three  inches 
of  the  iron  wire  of -f^-g,  and    of  caufing  two  inches  to  enter 
iirto  fufion. 

In  comparing  the  efle£1s  produced  by  a  folulion  of  nitrous Nltroui  uid  did 
acid,  of  the  fpecific  gravity  of  lit,  in  about  fixly  parts  of  wB-"^^|j^^^  «L5'- 
ter,  withlhofe  occafionedby  a  concentrated  folution  of  carbo-F.^r  Ic  I    mucti 
nate  of  potalh,  the  acid  was  found  to  produce  by   much  the?"'  I"""*"l 
greal«lt  intenfity  of  action  ;  which  can  hardly  be  afcribed  topotajh,  though  ic 
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any  olhercaufe  than  iu  chemical  agency;  for,  with  rcgatd  tn 
conduSing  power,  it  appeared  vwy  much  infcfiot  to  (be  athet- 
foli^tion.    Tliere  is  every  realon  to  believe,  IhaC  wtlh  pure 
water,  (hat  is,  water  clcpri?ed  ot  air  am!  of  all  faline  fub^ 
fiances,  no  aAion  would  be  produced  in  this  bat(ecy.  I  was  un< 
able  to  afccftain  tbe  fsd  by  a  di/efil  espcriraci)! ;  bill  1  Jbuiui 
Water  ifjats  toTCpcatcdly,  that  a  pile,  compofed  of  ihirty-fix  ferit:?  of  fquaro 
"""'""""  plates,  of  copper  sod  sine,  of  fi-veindiciindiamMer,  1^  id 
',  adivity  in  nitro^ene  iind  hydrogene  gafe^,  in  aboat  tvvo  days ; 

and  it  was  coiiHanily  reflored  by  coininoTi  air  ;  and  rendered 
more  intenfe  by  oxigeiie  gai. 
tU  oil  II.  When  ^ic  galvanic  battery,  with  large  plates,  was  in 
w  bail  by  full  aflion,  it  was  found  thai  a  -  ^  of  an  inch  in  diame- 
ter, and  two  feet  long,  when  placed  in  the  circnlt,  was  ren- 
dered fo  hot  as  to  caufe  a  fmall  quantity  of  water,  bronght  in 
conlafl  with  If,  fpeedily  to  boil.  It  continued  warm  for  inany 
minutej ;  and,  by  an  occafional  momenlary  interruption  an4 
completion  of  the  circle,  the  heat  was  perniancntly  kept  up. 
When  three  or  four  inches  of  the  wire  of  -^j^  were  placed  ii) 
any  part  of  the  condufling  chain,  they  continued  red-hot  £qt 
more  than  a  minute  ;  and,  by  a  fuccefljon  of  interruptions  an4 
contafls,  they  were  kept  partially  ignited  for  five  or  fis  mi- 
nutes. When  that  part  uf  Ihe  communicating  tliain  conlainlng 
the  fmall  wire  was  introduced  into  a  fmall  quantity  of  ether, 
alcohol,  or  oil,  the  tiuid  foon  became  warm  ;  and  olive  oil, 
the  only  fubdance  thyt  was  expofed  for  a  fuScienl  lime,  was 
made  to  boil, 

_  Chueoil  nide  IH-  When  two  fmall  pieces  of  well  burned  charcoal,  or  a 
red  hot  under  piece  of  charcoal  and  a  metallic  wire,  were  made  to  complete 
wiihibee«'trii»I'''^*'''^'<'>  '"  water,,  vivid  fparks  were  perceived,  gas  was 
dm  afpla.      given  out  very  pleniifully,  and  the  points  of  llie  charcoal  apr 

■  .  peared  red-hot  in  the  tluid,  for  fo  me  time  after  tiiecontafl  wa* 
H  made ;  and,  as  long  as  this  appearance  exiHed,  claAic  Suid 
^^  was  generated,  witli  the  noifcof  ebullition.  Thejinf^k  pba- 
^V  nomenaweri;  nearly  the  fame  witli  the  volatile  and  fixed  oils, 
H  ether,  and  aki.hol ;  and,  by  means  of  charcoal,  tbe  fpark 
H                        could  be  produced  in  concentrated  fulphuric  and  nitric  acids, 

■  which  are  amongll  the  btfl  of  the  lefs  perfefl  conduflots. 
NatiTC  of   tk     1*^^  gafes  produced  from  diiTerent  fluids  by  the  galvano- 
l***  i              eleflric  fpark,  were  examined ;  and  as  the  refulU  were,  in 

moil 
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noil  caici,  what  talght  have  been  expeScd  from  iheory  ;  the 
ftnaiybi  ol'theiu  was  not  made  wilh  very  minule  aUention. 

When  water  was  acted  apon  by  IparLs  taken  frnra  twofrum  watttj  i| 
pieces  of  cliaccoal,  the  elafiic  produ&i  evolved  weic  about  f 
of  carbonic  acid,  j  oJ  oxigene,  and  the  remainder  an  infiam- 
Soablegai,  which  required  a  litLle  more  (hau  iialfits  volume  of 
Dicigene  fof  itscutnbuilioii.  Wilh  gold  anddtarcoal,  the  gold 
being  on  liie  xinc  Gde,  [he  gas  produced  appeared  lu  be  chiefly 
a  mixture  of  oxigene  anij  hidro^ene,  l\>i  it  dimioilhed  -|^  by 
the  eledric  fparlt. 

The  gi%  difengaged  from  alcohol,  the  fpark  being  taken  by  ffoiD  alctbol  ] 
gold  coiine^led  with  the  zinc  eod,  and  charcoal,  was  a  miX'  i 

tuie  of  nearly  two  parts  of  o^igeiic  and  eleven  pails  of  inflam-  i 

niable  gas,  which  appeared  to  be  partly  IJglit  hidrocaibonale.  ll 

Ether,  in  tiie  fame  mediod  of  operating,  gave  ibur  parts  of  ether } 
oxigene  and  twelve  parts  of  inflammable  gas. 

From  fulphuric  acid,  o.xigeiie  and  hidrogene  were  produced  (uiph.  acid; 
very  rppidly,  (the  oxlgene  being  more  than  fuflicient  for  the 
tatuialJon  of  ihe  hidrogene  by  coiabuDion,]  and  (he  add  be- 
came blue. 

The  gas  from  nitric  acid  detonated  with  great  violence  bynitiic  leid. 
the  ejje&ric  fpark,  and  Ihe  refiduuin  was  oxigene,  mixed  with 
a  little  nitrogenc. 

The  produfls  from  the  acids,  there  is  every  leafon  to  be- 
lieve, were  evolved  chiefly  in  confequenceof  ihe  decompofi- 
lion  of  ihe  water  they  conlaitied.     And,  in  (grating  upon  ' 

thefe  fubilances,  as  well  as  upon  pure  water,  a  portion  of  the 
uUlUc  fluids  rauft  have  beenprixlaccd  at  the  time  of  the  fileot 
tranfmifljon  of  the  eledrlcity,  during  the  momentary  interrup- 
tions ofcontad.  The  apparent  igiiilionof  the  charcoal  in  thelgniiJM  of  |ks, 
diflerent fluids  depended,  probably,  in  fome  meafiire,  '■P**nits^^(^j(.^_*  f 
being  futrounded,  at  the  moment  of  contact,  by  globules  of 
gas,  which  prevented  the  hoal,  produced  at  the  points  of  it,  I 

from  being  rapidly  carried  off  by  the  fluid,  1 

When  the  fpark  wa^  taken  by  means  ofiron  wires,  in  phof-Cu  from  faU 
phorus  rendered  fluid  by  heat,  under  a  ftraium  of  water,  per-P  "  P     "'• 
manent  gas  was  produced  from  it,  but  in  a  quantity  loo  fmall 
to  be  examined,  after  a  procefs  that  continued  an  hour,     f 
purpofe  to  repeat  the  experiment,  with  condudon  of  drjr 
chircoal. 

IV. 


M 


■  '138  tXPtRIMESTS    or    CALVAKIC    ELECT 

The  luge  plim  TV.  Wlicii  gold  wires,  connefled  with  the  ends  of  the  bat._ 
m^'^rotded"* '"^'  '""^'■^  ""^^ "*  "^  "P"" ''"'d^ '"  l*'^  C'"'"""  method  o*" 
the  conduOor'i  ^'^'■>i"'i^'^3'i<)">  being  plafed  al  a  dilUnce  from  each  other,  it 
fower  be  good,  was  found  that  the  tapidi  ty  of  the  evolution  of  the  gafe*  WM 
much  more  influenced  by  the  conducing  power  of  jlie  fluid, 

!than  it  is  in  common  cafes  with  fniall  plates,  in  comparing 
theaclion  of  a  battery  of  twenty  plates,  of  five  inches  in  dia- 
meter, upon  fulphuric  acid,  nitric  acid,  and  various  falinefo' 
lutions,  with  that  of  the  large  battery,  it  was  obferved,  in 
feveial  experiments,  that  the  gas  was  difengaged  much  farter, 
and  in  larger  quantities,  from  the  wires  conne^ed  with  the 
large  plates,  whilA  the  afiion  of  the  two  arrangements  upon 
water  was  nearly  the  fame.  This  faft,  combined  with  other 
fads  of  the  fame  kind,  feems  to  Ihow,  that  the  quantity  of 
eleflricity  excited  in  the  arrangemeiiU  with  large  fiirfaces,  is 
much  greater  than  that  produced  in  ihofe  withfmall  futfaces; 
and  that  it  is  capable  of  patTmg  with  facility  through  the  more 
perfefl  conduflors,  whilR,  from  the  nature  of  the  feries,  its  cir- 
culation is  impeded,  comparatively  to  a  great  extent,  by  im- 
perfef)  conduflors  ;  a  conjeflure  thai  has  been  already  formed 
by  different  philofophers. 
cmpE  tt  pro-  v.  As  the  great  quantity  of  elcfincily  made  to  circulate 
iate  thmge  in  through  peifefl  conduflors,  by  means  of  the  large  apparatus, 
^, -jj^jj'jg,  tncreafes  their  affinity  for  osigene  more  perhaps  than  any 
ni^n  of  cbir.  known  agent,  and  as  chairoal  by  means  of  it  can  be  rendered 
white-hot,  and  kept  in  coullant  combuflion  in  oxigene  gas  or 
Blniofpherical  air,  I  thought  of  trying  the  effecls  of  the  eleftri- 
cal  ignition  of  this  fubfiaiice,  upon  muriatic  acid  gas  confined 
r  mercury. 

The  experiment  was  made  by  means  of  a  fmall  glafs  tube  *, 
k  (lip  of  plalina  hermetically  fealed  into  it,  and 
having  a  piece  of  charcoal  attached  to  its  lower  extremity  : 
nication  was  etfefled  by  means  of  iron  wires ;  and 
the  charcoal  was  made  white-hot,  by  fuccelTive  contads  con- 
tinued for  nearly  two  hours.     At  llie  end  of  this  time,  the  mu- 
riatic acid  gas  had   diminidied  a  very  little  in  volume;  much 
r  had  formed    upon   the  charcoal,   which  was  not 
fenlibly  confumed.     When  the  gas  was  eyamined,  J  of  it  were 
inflanlly  abforbed  by  water,  and  the  remainder  proved  lo  be 


*  Foradefcription  of  this  apparatus,  fee  p.  214. 
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JnBunniMe.  The  procefs  was  repeated  three  timet ;  and,  EfftOi 
wlienlhe  fpark  was  moll  vivid,  a  white  cluud  %vas  always  per. 
.  ceived  at  the  moment  of  its  prodiiflion,  1  am  incHncd  to  at- 
tribute thi)  phenomenon,  and  the  other  phenomena,  to  the 
decom^^^lion  of  the  water  held  in  folulion  in  the  ga<,  by  the 
tharcoal  and  the  mercury  adhering  to  il ;  and  the  while  raat> 
ter  was  probably  muriate  of  mercary.  The  acJdgafes  are  ra- 
pidly abforbed  by  charcoal ;  and  this  fubl^nce,  when  well 
made,  will  lake  up  more  than  30  limes  its  volume  of  muriatic 
acid  gas ;  fo  that,  in  the  procefs  ofignitioii,  a  part  of  the  wa- 
ter and  of  the  acid  lauR  have  been  afled  upon  in  a  I'ery  con- 
dented  Hate. 

The  want  of  fuccefi  in  this  experiment,  the  rpfults  of  which  very  Emtlir  m 
are  very  limilar  to  thofe  obtained  by  Mr.  Wilham  Henry  •,  jJ^'^J^UJ^'-^* 
in  his  trials  with  common  elediidty,  prevented  me  from  car-mon  clcaricity, 
rying  on  the  procefs  upon  fluoric  acid  gas,  as  1  had  at  lirll  in-' 
tended.     Many  of  the  compound  gafes  that  are  decompofabie 
by  healed  charcoal,  might  probably,  however,  be  analyfed  in 
a  very  fimple  manner,  by  means  of  the  ignition  of  that  fabRanre 
by  galvanic  electricity ;  and  [his  mode  of  operating  may  be 
conveniently  applied,  for  afccrtaining  the  relations  of  the  affi- 
nities of  charcoal  for  the  conilituent  parti  of  compound  gafes 
at  very  high  temperatures. 
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NATIONAL  INSTITUTE  OF  FRANCE. 

fnie  propofcd  at  the  Public  Silting  if  the  \5  Germinal,  in  the 
lOth  Ytai:  (April  5,  1802.) 

±.  HE  general  conditions  are  as  ufual;  namely,  that  theCondiiioM. 
name  of  the  author  fhall  be  concealed,  and  his  rank  ditlin- 
guillied  by  a  fenlence  or  device,  which  (hall  alfo  be  written 
on  a  fealcd  billet,  coniaiiiiiig  his  name  and  addrefs.  The 
works  are  to  be  addrefied  (carriage  paid)  to  one  of  the  Secre- 
(aiAs  of  the  Inditute,     Neither  the  tieatifes,  nor  any  draw- 


•  Phil.  Tranf.  1800, 
£09. 31S. 


r  Philof.  Journal,  quuto,  iv. 
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ingt  or  machines  thus  Torwariled,  will  be  re[tor«<l ;  but  llie  ai 
ibors  may  take  copiei,  and  may  again  receive  llu'ir  nKxteia  or 
mscbinus  opan  fubfiituting  regular  drawinfp  in  place  of  tbeio. 
The  ComiuilCnnci  oT  ijie  Funtis  (jf  the  Inilitulc  will  deliver 
the  gold  medal  to  Lhe  bearer  iif  the  Secretary's  reci;ipt,  i( 
given  for  the  V'ahfo,  &e,;  but  where  iio  leteipl  esifl^J,' 
author  muJI  hinileir  appear,  or  feiid  bit  piociUAtion. 

Subjca  ij  tf>e  Prh-t  of  OiCihiJiry. 
The  dafs  of  mathematical  and  phyGcal  fciences  having  pnw 


at 


^1  po(ecl  in  the  year  S  ibe  following  prize  queRioii,  to  be  de(.'ided 

^^  upon  at  lhe  filling  above  menlioneil : 

Vriic  ^otllien         If Viat  arc  lhe  charaStert  Txluch  difimguijh  in  regelnlile  und  ani- 
K^iugftr,    „^i„^alter>  llwjt  vihich  fcrve  lU  femcnli.  from  lh-0e  in  tihui 
lluy  cauft  or  excite  fcrmentotian. 

And  none  of  the  memuirs  having  fullillcd  the  conditions  ni 
tlie  program,  the  ctaTs  propofu:!  the  fame  fuhjcft  again  lor  the 

The  prize  will  be  a  gold  medal,  of  the  value  of  one  tilo- 
gramme,  which  will  be  given  at  the  fitting  of  the  15  Germi- 
nal of  lhe  j'ear  i2(Apiil  5,  1S04}. 

Prize  Suepoinfrom  iJte  Batiiaan  Socicly  at  IlaarUm. 
Priie  qucBiraii      The  Batavian  Society  at  Haarlem  has  publiflied  a  number  of 
fut>j«&  of  prizes  at  (huir  fitting  of  May   I,  ISCJ;  among 
which  are  the  following  : 
Rtrpefling  iDi-       I  -  "  How  lar  it  is  kjiown,  from  the  lateft  difcoveries  in  iho 
nurci.  phjfiology  of  plants,  in  what  manner  the  different  manures 

on  diiferent  foils  are  favourable  (o  the  vegetation  of  plants ; 
and  what  indications  may  we  deduce  from  the  knowledge  re- 
quiri^d  on  this  fubjeft,  to^cliriefl  our  choice  as  to  manures,  axiA, 
the  fertilization  of  uncultivated  and  arid  lands  ?" 
This  queAion  is  continued  lo  Lhe  tftuf  Nov.  IS02. 
—-Bw^Miordie     2.  "  What  is  the  actual  Aaie  of  our  knowkdge  refpeAing 
^  lhe  motion  of  the  lap  in  trees  and  plants !  In  what  manner 

can  we  acquire  a  more  complete  knowledge  refpo^ing  the  ob> 
fcure  and  doubtful  parts  of  ihefubjcd?  And  i:>  it  poflible  to 
deduce,  by  decilive  experiments,  fuch  indications  as  may  be 
ufeful  for  the  cultivation  ol   Ireus  and  plants?" 

The  Sociely  has  delerratncd  to  repeat  ibis  quefiion,  to  which 
airfwcrs  are  to  be  lent  before  November  I,  1803. 

3.  "The 
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5.  "  The  Society  d«liiands  a  theory,  or  phyfical  explication,  ^  ^  afctpt  of 
which  (hall  clearly  and  diftindlly  fliow  tlie  caufes  of  the  afc'ent  (moke. 
of  fmoke  in  chimnies,  or  thofe  which  prevent  its  riling.  To- 
getlier  with  rales,  deduced  from  this  theory,  for  the  conftruc- 
tion  ol  chimnies,  which  (hall  point  out  the  circomfbrices  riCK 
€e(&uy^f^  ^  attended  to  in  (he  feveral  cafes  to  prevent  fmoke 
from  enAHng  the  apartments  ?'' 

This  quefiion  is  here  again  repeated^  and  the  anfWer  is  d^ 
manded  before  the  1  (I  of  November,  1 B03,  in  order  that  tim 
authors  of  memoirs  may  be  enabled  to  corr^6l  them. 

4.  "  What  indigenous  plants,  hidierto  not  ufed,  may,  firem  —  dylinpliii 
well  confirmed  experiments,  afford  good  colours,  which  may 

be  prepared  and  ufed  with  profit  ?  And  what  exotic  plants 
may  be  cultivated  with  profit  upon  the  lefs  fertile  or  unculti*- 
vated  lands  of  the  Republic,  in  order  to  tiie  extra^ion  of 
coiours  ?'* 

The  Society  has  determined  to  repeat  this  qoeftion,  whicft 
is  continued  without  limit  of  time. 

The  queftions  for  the  prefent  year  are  the  following : 

5.  "  What  do  we  learn,  from  thelated  obfervations,  re«  — eflfeftofox* 
fpeding  the  influence  of  the  oxigen  of  the  atmofphere,  whe-  ^  ^'^  coloun. 
Iher  combined  or  not,  together  with  the  adtion  of  light  upon 

the  changes  of  colour  t  And  what  advantages  may  be  derived 
fixm  this  knowledge  ?'' 

The  Sdcicty  defires  that  it  may  be  (hown  concifely,  and 
with  predion,  what  is  well  proved  by  obfervations  or  expert- 
ments,  in  order  tliat  the  adual  (late  of  the  *icncQ  with  regard 
to  this  fabjed  may  be  more  readily  appreheadedi  and  greater 
advantages  obtained-.,  in  trade,  or  in  the  other  branches  of 
economy. 

The  term  of  concurrence  is  November  1,  1805. 

6.  ''  Wimt  light  lias  been  thrown  upon  the  manner  ii!i  which .—  nouridMncat 
plants  acquire  their  nourifhment,  in  confequencc  of  the  difco-^^P**"'"' 
veries  refpedting  the  decompofition  of  water  and  atmofpheric 

aif  ?  And  what  dedu^ons.  can  be  made  from  this  knowledge: 
for  the  improvement  of  ufeful  vegetables }" 
The  term  of  concurrence  is  November  1,  1803. 

7.  "  What  fads  are  well  proved  with  regard  to  the  purifica*-' 
tion  of  corrupted  water,  and  other  impure  fubflances,  by  char- 
coal ?  How  far  is  it  pofTible  to  explain  this  ^fe€t  by  the  prin- 
ciples of  chemiftry  ?  And  what  further  advantages,  may.  be 

thenoederived?^. 

2  *  The  - 


B  The  lerm  of  concurrence  is  November  1,  1803. 

H  The  Tollowing  quedions  were  propofed  formerly,  but  the 

r  term  of  concurrence  \t  fixed  lo  liie  firft  of  November,  1803. 

P^^^"'"""'''"      I.  "  What  light  has  Ihe  new  chemiflry  thrown  upon  the 

'      phyfiology  of  the  human  bodj  ?" 
iiktiai  2.  "  To  what  extent  has  this  light  been  of  life  in  yidering 

IL^  us  belief  acquainted  with  the  nature  and  caufcs  of  ct'latn  dif* 

^V  eafes  f  And  what  ufeful  confequences,  more  or  lefi  grounded 

^M  on  experience,  maybe  thence  deduced  for  improving  iheprac- 

^M  tice  of  medicine }" 

Hp^****  3,  "  To  what  extent  has  the  new  chemiflry  been  of  ufe  to 

^F  afford  precife  notions  concerning  ihe  aflion  of  ceriain  external 

andinterna!  remedies  lung  in  ufe  or  lately  recommended?  And 
what  advantages  may  be  obtained  from  a  more  exA&  know- 
ledge in  this  refpefl  in  the  treatment  of  certain  diforders  ?" 

As  many  philofuphers  have  mixed  hypulhefes  of  flight 
foundation  with  the  applications  they  have  made  of  the  prin- 
ciples of  the  new  chemiflry  lo  the  funSions  of  the  human  body, 
which  is  no  doubl  very  hurtful  to  the  progrefs  of  ftience,  which 
might  befo  highly  improved,  if,  according  to  tlie  rule  of  Lavoi- 
fter,  nothing  were  adopted  either  in  chemiflry  or  the  applica-- 
lion  of  its  principles,  but  what  dialt  be  founded  on  deciiive  ex- 
periments ;  the  Society  delires  that  thofe  who  fhall  anfiver 
Ihefe  qucflions  fhould  precifely  diflinguifh  fa^ts  from  hypothe. 
fes ;  and  that  with  regard  to  the  latltr,  they  fliould  be  merely 
pointed  ODt,  and  their  flight  foundation  briefly  ftiown.  For  the 
principal  aim  of  the  Society  in  thefe  queilions,  is  to  procure 
thofe  who  exercife  the  praSice  of  medicine  and  furgery  in  the 
Batavian  Republic,  and  are  not  fufRciently  acquainted  with  the 
progrefs  of  the  new  chemiflry  and  the  application  of  its  well 
eflablithed  principles  to  phyflology,  pathology,  and  theurapeu- 
ticj,  fuch  memoirs  as  may  ealily  Ihow  them  what  light  the  new 
chemiftry  has  in  effefl  thrown  upon  ihefe  fciences;  and  alfo 
thofe  doftrines  which,  being  of  flight  foundation,  loo  haflily 
adopted,  or  in  themfelves  doubtful,  are  not  entitled  to  con- 
fidence. 

Judgment  will  be  given  feparately  upon  the  memoirs  refpeft- 
ir)g  each  of  thefe  queflions.     They  who  propofe  to  anfwer 
more  than  one,  are  therefore  requefled  to  do  it  feparately. 
The  above  were  propofed  in  1799. 

'  What  are  the  printiplcs  of  tlie  philofophy  of  fite,  re- 
fpefting  the  pioduftiou,  the  communication,  and  confinement 
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oTheat,  which  are  necelTary  lo  be  known  in  order  (o  form  '^'"^'^}f 
right  judgment  of  the  methods  ot'uCngcombullibles;  and  how  ^^_ 
can  we,  according  to  ihefe  principlei,  improve  the  fires  lor 
tvsnning  apartments  and  floves  for  kitchen  ufe,  in  order  to 
fave  as    much    as   poQible  the  combuJlibles  in  uf«  in  this 
country }" 

The  above  was  propofed  in  laof. 

5.   "-What  is  adually  iinown   tefpeaing  the  caufci  of  the  *•!«»«  W'W. 
corruption  of  fiagnant  water,  and  is  it  poffible  lo  deduce  from 
what  is  known  or  may  be  proved  by  deciiivc  experiments, 
Wbat  ate  (he  mofi  effectual  and  fafe  means  to  prevent  the  cor- 
tuplion  of  ilagnant  waters  r" 

Prepared  in  ISOI. 

The  prize  for  each  quellion  is  a  gold  medal  of  thirty  ducats.  ^**>  '  "*^ 
The  memoirs  may  be  writlen  in  Dutch,  French,  or  German; 
but  only  in  Italic  charaders.     They  muft  be  accompanied 
witii  a  fealed  billet,  containing  the  name  and  addrefs  of  the 
writer,  and  fenl  lo  M.  Van  Marum,  Secretary  of  theSociety. 

The  Balavian  Society  has  propofed  as  one  of  the  prized  fub-  FimeBtidm. 
jeds  to  be  decided  on  the  I  It  of  May  I S02,  the  following  quef- 
lion  :  "  What  do  we  learn  from  the  lateft  difcoveries  in  ch©- 
niftry  relpeding  the  nature  of  I't^rmentaiion,  and  what  advan- 
tages may  refult  wjih  regard  to  certain  trades  in  which  fermen- 
tati re  matters  are  ufedf"  It  was  not  thought  fit  to  adjudge  the 
prise;  bat  without  openinganew  concurrence,  the  Society  has 
engaged  the  author  of  a  memoir,  of  which  ihc  device  is.  Tout 
fit  impoi-taiit  dam  lea  voiet  dt  la  nature,  to  fupport  his  theory 
upon  rooredecifive  experiments,  and  to  extend  its  applicaliort 
to  a  greater  number  of  manufa^lorcesj  with  promife  of  the 
crown  if  he  thai  I  accompli  lb  his  purpofe  before  the  end  of  1803 
w  1804. 

Sixth  Def.cnt  qf  Garncrin.  ■with  his  Parnchute, 
Ontheaill  ofSeptember  IS02,  at  fcventeen  n"""!"  P^  ^?"d,')[°"" 
five  in  the  evening,  the  aeronaut  Garnerin  fent  off  from  the  by  »  pwichvie. 
Parade  in  North  Audley  Street,  an  exploring  balloon,  which 
took  a  nurth-eaft  direAion  until  tl  attained  a  very  confiderable 
elevation,  and  foon  difappeared.  At  fitly-eight  minutes  after 
live  the  great  balloon  itf<;lf  afcended  with  the  parachute  de- 
pending, and  beneath  it  the  cylindrical  balket  in  which  Gar- 
aerin  hlrardf  Jlood  and  repeatedly  waved  his  flag.  Its  flour 
afcent 


aCcent  in  (he  cdinsefs  ol'i  beautiful  evening,  with  the  fixed  ana 
ihll  altenllon  of  (he  inhabttanl!i  of  a  greal  melropoii*.  (o  Ihe 
amount  oi  many  hundreds  of  thoufand«,  produced  a  lingalar 
and  very  imprdlive  etieit  on  themind.  This  paufeof  expee- 
tatioa  whkli  klled  nine  m  inutes  mid  a  quarier,  nnd  carried  the 
aeronaut  fo  high  as  not  to  be  perfoimlly  diftingiiiHied,  tvaiftliV 
dcnly  icnninated  by  the  reparation  of  thepaiachute  from  the 
balluaii.  It  i'uddenly  dcfccnded  tor  near  a  frcond,  and  tb^n  «>:• 
ponded.  The  balloon  proceedi-'d  immediately  lo  the  fouth, 
and  was  fbuiid  the  noxl  day  in  KunI,  about  twelve  milm  out 
nf  town.  Admiration  ami  fuj prize  now  engaged  tlie  minds  Of 
ajl  the  fpeflaioi-i ;  which  foon  gai'c  place  to  a  marked  fenli- 
ment  of  terror  from  the  cvlrcmc  vibraliuui  of  the  apparatus. 
The  ilefcent  appeared  flow  and  rcgofau-,  but  its  vibrations  (per- 
lurmcd  in  about  fix  fecondi  each)  were  fu  violent  as  frequently 
lo  carry  the  balltet  neailj  as  high  as  the  level  of  the  pamchufc 
iifdf,  nhirh  cidlapfed  at  iis  hiiver  edge  cvvry  time,  ioa»  lot* 
n-arly  half  tiofed,  and  opened  again  when  it  refumed  its  per- 
peitdiciilar  fituatioii.  However  lirm  the  ronfidenre  of  this 
flaring  adventurer  may  have  been  tn  the  truth  of  his  combina- 
tions, he  muft  have  hn^'e  found  hinifcif  in  a  tituation  requiring 
the  exertion*  of  all  liis  eourage.  He  defiended  in  fafriy  in  4 
field  near  Pancnts,  havni^  been  very  nearly  fi\  minutes  in  his 
lielirent.  He  (itemed  to  liavc  bwn  upwards  of  a  mile  high,  of 
prolubly  nbool  iis  thoufand  leei ;  and  on  (his  luppoHtlon  htt 
rfWi  tellal  ibeTatcoffixteiiu  llct  in  a  fccond,  Thi»  is  the  velocity 
that  tmuld  Iravebten  produced  by  jumping  from  itie  height  of 
about  four  teet,.  and  mullUlicrclure  have  been  very  (afe. 
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ARTICLE    L 

iMterfrom  Thomas  Young,  Af.  Z).  F,  R.  S.  In  Bepfy  to 
Mr.  Cough's  Letter,  at  Page  36  qf  the  prefini  Volume.  On 
the  Fheaomena^qf  Sound. 

To  Mr.  NICHOLSON. 
SIR, 

1  AM  not  certain  that  any  anfwcr^  that  I  can  make  to  Mr.Turther  difcuC 
Cough's  replj  lo  my  letter,  will  add  very  materially  to  the  ^*°"  ***^'*^^ 
elucidation  of  the  fubjed  in  difpute ;  a  part  of  my  objedt  i» 
already  attained,  for  Mr.  Gough  fecms  to  be  no  longer  dif- 
pofed  to  contend  ibr  Dr.  Smitli's  infallibility,  and  he  appears  to 
have  formed  in  fome  meafurc  a  more  complete  idea  of  my  ori- 
ginal opinion^,  while  he  imagines  that  I  have  introduced  fome 
new  modifications  of  them.     I  cannot  however  avoid  remark-  But  Mr.  Googli 
ing,  that  Mr.  Gough  has  wholly  omitted  to  notice  the  fanda- ^"  "^^  noticed 
mental  fa6l,  which  I  ftated  as  affording  the  mod  fatisfadiory  of  mo^fcs. 
all  proofs  of  the  coalefccnce  of  founds ;  that  is,  the  produdion  xhe  U&m 
of  a  faint,  but  very  audible,  graver  found  from  the  union  of  two 
acuter  ones,  a  phenomenon  fo  well  know  to  mudcians,  that  I 
^n  fcarcely  fuppofe  a  perfon,  who  is  ignorant  of  it,  properly 
.  Voj,«  lil.^NovEMDfiR,  1802.  L  qualififtd 
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qualified  to  difcul'i  liic  fubjefl  oi' harmonics ;  and  fo  iniporUnl. 
wilh  rogard  to  Iha  qu«Sion  «(  prefi-iit  in  difpute,  that  I  can 
fcarcel^  conceive  how  a  pcrfon,  acquainted  willi  it,  can  omit 
to  endeavour  lo  reconcile  ii  with  his  opinions,  efpecially  when 
-  challenged  by  hia  opponent  lo  lal>e  !t  into  conlideration.  Her* 
h  a  produCl  of  combinaljon  which  polTeifts  propcrlies  totally 
diilerent  from  thofe  of  Its  conliltuent  parts ;  its  pitch  is  alwayt 
much  lower,  its  quality  of  tone  U  perfeflly  Angular,  and  lh« 
h^ver  is  CQfTi^tiDies  ahiioft  inclined  to  imagine  its  dirt^iion  10 
he  different  from  that  of  the  original  founds  ;  a  circumftance 
which  he  fomelimes  exprefTei  by  faying,  that  (he  Tound  "  rings 
in  his  cars."  Mr.  Gough  cannot  controvurt  this  faft  by  any 
Tcaroning  :  if  he  can  perfuad*  me  (hal  fuch  a  found  is  a  mix- 
ture and  not  a  compound  by  partial  coalcfcencc,  we  fliall  then 
be  nearly  of  the  fapie  opiuiffli. 
tn  Will  Mr.  Gough  deny,  that  whon  a  fmajl  pondulum  is  fuf- 
"'pended  lo  thehfavy  weight  of  a  Ivg^  one,  its  motion  is  com- 
pounded  of  larger  and  fmaller  vibrations  }  Or  will  he  infill  that 
the  refult  is  a  mixed  motion,  and  »ut  a  compound  one  !  Ths 
eye  certainly  follows  each  vibration  feparately,  altliough  t)i« 
TibratiMis  may  be  («  ptoportioiiad  that  a  joint  order  and  fe* 
qaence  may  be  obferved,  which  may  produce  eflef[»  peculiar 
to  the  combination,  and  difcovcrabie  in  neither  of  the  original 
uolions.  The  comparifon  appear;  to  me  to  b<i  perfe6tly  ap- 
pofite,  and  if  Mr.  Gougii  stUowi  it,  I  can  fcarcely  im^iss 
Vhal  caiife  there  is  left  for  further  controveriy. 

I  beg  leave  once  more  lo  recommend  tlie  grave  harmonic^ 
lo  Mr.  Gougb's  notice,  and  to  iotfe»t  him  lo  fufpend  any  fur-: 
Otat  leply  to  my  tomarlu  until  he  has  made  himl'elf  thorougiily 
acquainted  with  thefe  intcrefling  phenomena. 


1     E 


Your  laithful  humble  fervanl, 

THOMAS  VOWNG. 
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U. 

On  the  Galvanic  EJed  qfrery  mmttt  Particles  qfZinc  and  Copper 
in  IVaicr.     In  a  Letter  from  Mr.  Wi  t  J.  J  a  M  Wi  l  s  o  n  . 

to  Mr.  NICHOLSON. 

SIR,  loiMfc/i,  OBober  11,  1802. 

1  WAS  lately  grinding  fomeiinall  plates  of  copper  apoo  (bmo  Copper  tnd  smf 
plates  of  zinc  (with  fitie  emery),  and  after  having  walhed  them  JJfJJ  S^^ 
in  a  cup  of  water  to  deanfe  them>  t  left  them  about  five  hours.  The  mud  after 
When  I  returned  I  found  the  water  in  the  fcup  covered  with  a  ^^^^^  «»«- 
dirty  froth,  and  upon  taking  up  the  cup  to  examine  it,  the  agi- 
tation cauied  innumerable  bubbles  of  air  to  rife  iirom  the  iedi* 
ment  at  the  bottom  of  the  water.     By  continuing  to  agitate  the  and  at  rtmotfr 
water  for  feveral  minutes,  they  decreafed  in  quantity,  and  at  »'»*^^^^ 
lafl  difappeared.     I  now  left  it  about  four  or  five  hours,  and 
then  examined  it  again,  when  the  bubbles  tirere  newly  as  co- 
pious as  everj  and,  with  nearly  the  fttne  quantity  oTagitatlonj 
again  ceafed  tb  be  produced. 

I  examined  this  water  every  four  or  five  hours  for  five  difys.  The  tfftd  lafted 
and  the  appearance  was  the  fame,  thoiigh  weaker  and  weaker.  ^^^  ^^y** 
After  the  fifth  day  I  could  not  find  that  any  bubbles  were 
generated ;  I  therefore  (fuppoiing  this  appearance  to  be  occa^  Copper  and  alna 
^oned  by  the  particles  of  copper  and  zinc  forming  a  kind  of  ^l*"p^"^* 
galvanic  feries)  took  equal  quantities  of  filings  of  copper  and        ' 
sine  and  put  them  into  a  glafs  of  water,  and  ftirred  it  about  to 
mix  them  as  much  as  poifible.     In  about  three  hours  afterwards 
there  were  fome  bubbles  of  air  adhering  to  the  filings,  whick 
by  agitation  rofe  to  the  top  of  the  water ;  and  the  fame  pheno-  with  tha  ftaa 
menon  was  repeatedly  exhibited.     In  fhort  thefe  metaUic  par-  ^^^^* 
tides  aded  pneciiely  fimilar  to  the  former,  with  only  this  difier* 
ence :  It  required  more  violent  agitation ;  the  air  bubbles  wore  Exphaadoa  of 
larger,  and  the  property  diiappearod  much  fooner,  f(Mr  thora*^  *"'"****• 
were  no  bubbles  generated  after  the  third  day.    Thit  differ* 
ence  I  fuppofed  to  be  owing  to  the  difference  in  the  fize  of  the 
particles  of  the  metals ;  for  in  th»  fie  ft  cafe  the  particles,  by 
feafon  of  their  fmaHnefs,  would  form  a  more  nuo&erous  feries 
and  «3ctenitre  furliice  of  cotitadl,  than  the  filings  could  in  the 
Hitter. 

L2  L%ft\^, 


|4B  COLOURS  OBtAiyKD  FROM  METALLIC  OXlDi^. 

TheimpalpiMc  Laftly,  I  repeated  the  firft  experiment  by  vvafliing  fomc 
pawder  of  the  emery  very  fine,  and  (lightly  ground  with  it  a  plate  of  zinc  on 
anotlicr  of*  copper,  and  then  wallied  them  in  a  glafs  of  clear 
tv'atcr.  It  was  feveral  hours  before  the  fediment  had  all  fallen 
to  the  bottom  of  the  glafs ;  but  vrhen  it  had,  it  a6led  nearly 
with  the  fame  power  as  in  the  firA  cafe,  and  continued  to  adi 
quite  as  long  *. 

If,  Sir,  you  fhould  judge  the  above  account  worthy  of  a 
place  in  your  Philofophical  Journal,  I  fliali  confidcr  myfcli* 
▼ery  much  obliged  by  its  infertion. 

I  am.  Sir, 

Your  obedient  humble  fervant, 

Wm.  WILSOX. 


III. 

On  the  Colours  obtained  from  Metallic  Oxides,  and  fixed  by 
Means  of  Ft^fion  on  different  Vitreous  Bodies,      By  Alex. 
Broncniart,    Director  of  the  National  Manufaftory  qf 
Pofrekdn  at  Sevres,  Engineer  of  Mines,  Sfc. 

( Concluded  from  Page  101.) 

'  Concerning  the  Red,  Bofe,  and  Brozin  Colours  obtained  frofn  Iron^ 

Red  colours  from  X  H£S£  colours  are  made  from  red  oxidated  iron  prepared 
^oxidcof  iron,  ^jjjj  ^j^^ic acid.  The  oxidesare  calcined  ftill  more  by  expofing 

them  to  thea^on  of  fire.     If  too  much  heated,  they  change  to 

a  brown. 
Qonpofitioii*         Their  flux  is  compofed  of  borax,  fand,  and  minium  in  fmal! 

quantity. 
They  may  be         Thefe  are  the  oxides  which  afford  tlie  rofe  and  red  colours 
fu^ftituted  ipr     that  may  be  fubftituted  inilead  of  the  fame  colours  made  from 
*         **^^*  oxide  of  gold.     If  properly  applied  on  hard  porcelain,  they 

sever  ciaange.  I  have  made  rofes  with  thefe  colours,  and  there 

« 
#  Thiefe  galvanic  fa^  appear  to  conftitute  one  of  the  cafes  detail- 
ed with  larger  pieces  of  metal,  and  obfcurely  explained  by  Fabbroni 
in  his  curious  paper  in  the  Fhilof.  Journal,  quarto  lerics,  IV*  120^ 
— W.  N. 

was 
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was  no  di (Terence  between  the  flower  before  and  after  tlie  •    - 
bakin^jr,  except  that  brilliancy  which  colours  naturally  receive 
bv  fufion. 

The  colours  may  either  be  previoofly  fufed  or  not  at  plea« 
fure. 

In  a  violent  fire  they  either  partly  difappear,  or  produce  a  dull  ^**J^  tffcded  hf 
and  brick-duft  red  colour^  which  is  not  at  all  agreeable. 
•    Their  compoiition  is  the  fame  either  for  tender  porcelain  or  They  are  good 
for  glafs.     They  do  not  change  on  the  latter,  but  on  the  for- tcncter  poredain  j 
mer  they  almoft  intirely  difappear  by  the  firft  fire,  and  they 
mufl  be  laid  on  very  heavily  in  order  to  have  any  part  vifible. 

It  is  to  the  prefence  of  lead  in  their  glaze  that  this  Angular**"*  "*?J*^^*«» 
effect  mud  be  attributed.     I  have  afcertained  this  by  a  veryjat^er. 
fimple  experiment.     I  placed  this  colour  on  window-glafsand 
fired  it  very  (lrongly>  and  it  did  not  change. 

I  then  covered  fome  parts  of  it  with  minium,  and  again  ex- Bxpcriments  $ 
pofed  it.  to  the  fire.     The  colour  totally  dlfappeared  in  thofe 
places  where  tlie  red  oxide  of  lead  had  been  applied. 

When  I  performed  this  operation  on  a  larger  fcale  in  ciofed 
veflels,  a  large  quantity  of  oxigen  gas  was  difengaged. 

Tliis  bbfervation  I  think  clearly  proves  the  eifed  of  oxided  ^hich  Aev  thic 
lead  as  a  difcolourer  of  glafs :  we  fee  that  it  does  not  operate,  ^/p^„  -1^^^^   ^" 
as  has  been  fuppofed,  by  burning  combudible  impurities  in  the 
glafs,  but  by  dilTolving,  dii'colouring,  or  volatilizing  the  oxide  of 
iron  which  may  alfedt  its  clcarnefs. 

Coticerning  the  Yellows* 

Yellows  are  colours  that  require  much  precaution  in  fabricat-  Yellows  are 

ine,  on  account  of  the  lead  they  contain ;  which  fometimes,"^**?"^^  ^J^}^ 

.  .  oxides  of  lead 

by  approaching  to  the  metallic  (late,  produces  black  fpots.  and  antimony: 

The  yellows  of  hard  and  tender  porcelain  are  the  fame. 
They  arc  compofcd  of  oxide  of  lead,  white  oxide  of  antimony, 
and  fanci* 

Oxide  of  tin  is  fometimes  added;  and  when  it  is  required aod feoKdmei 
very  lively  and  refembling  the  colour  of  the  marigold,  red  ox-**"' 
ide  of  iron  is  added,  the  very  deep  colour  of  which  difappears 
during  the  previous  fufion  they  undergo,  on  account  of  the 
lead  contained  in  this  yellow.     When  thefe  colours  arc  once  They  are  not 
made,  tliey  do  not  change ;  they  difappear  aimed  intirely  in  <^hangeablc. 
the  porcelalu  fire, 
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■  tad  have  conflanily  found  it  to  be  iralleafalej     The  (amere- 

■  mark  rany  he  applied  lo  tile  native  iron  from  South  America ; 

■  and  alfo  lo  that  from  Sene^aj,. 

Aiwther fp(ti-       Tlie  fwimd  of  tlie  t»\f)  fpedmens  menlioned  above,  and 
m;  nun        which  weighs  fevera!   pounds  preietits  an  afpeci  thai  diflers. 

(^  in  Come  refpcci<.  from  thai  of  ihc  preceding  rpciimcm.     The 

moli  confidcrablc  pari  of  it  foniis  a  foird  cunpacl  mafs,  in 
which  (here  is  not  in  bepetceiveH  the  fmallefl  appearance  of 
pores  nr  cavilip':  i   bul  there  arife?  upon  its  fiiriiice.  a  kind  of 
ramified  or  celhilar  pan,  fimilar,  incvery  refpefl,  to  ih^fpe- 
cimen  already  dcfcribcd,  and  every  where  completely  con- 
ncfled  ivith  Ihe  fubftance  of  the  mal*  ilfdf. 
CDB6Aingor  iron      If  ihe  Com  pa  A  part  of  Ihia  piece  is  examined  with  attention, 
^Li^rtTim«. ''  "'"  ''"■  P^i-ccived,  thai  it  is  not  entirely  compofed  of  iron 
"'  fiJIi   in  the  metallic  Rale,  bul  that  itiB  mixed  with  nearly  an  equal 
quantity  of  the  trnnfparent  fubftance  of  a  yellowirti  green  co- 
foiir,  (fon^eiimps  alfo  of  a  grcenifli  vellow,}  already  fpokcn  of 
in  the  defcriplion  of  ihe   other   fpecimen.     This  fubftance  is 
nixed  with  the  iron,  in  fuch  a  manner,  that  if  the  whole  of 
the  former  could  be  removed,  Ihe  remaining  pari  would  con- 
fift  merely  of  iron  in  ihc  metallic  flatc,  and  would  prefent  the 
fame  cellular  appearance  as  the  preceding  fpecimen,  and  the 
ramilicd  or  cellular  part  of  the  fpecimen  now  defcribed. 
The  greto  ftBFijr      This  floiiv  pari,  feparaled   from   the  iron,  appear*   in  the 
pMjoalLstikt    f^^^  ^f  j-^^,1  nodu|e^_  generally  of  an  irregular  lliape,  but 
fnmelimes  nearly  globular ;  ihcy  have  a  pcrfeelly  fmooiji  and 
Oiining  furjace,  lo  as  very  often  to  prefent  the  appearance  of 
&nall  balls  of  glafs ;  a  circumllancc  that  ha^  led  many  perfons 
to  fuppofe  them  the  refull  o(  a  real  vitrification.     Some  of 
ibefe  nodules  have  feveral  irregular  facets,  proiluced  by  iba 
comprefTion  of  Ihe  iron  in  which  they  weru  inclofed ;  but  I 
have  never  obfcrved  in  iheni,  an  v  appearances  that  could  lead 
me  (n  fufpect  they  bad  tlie  ili^hteft  tendency  whatever  to  af. 
fume  a  determined  cryflallini:  form. 
;< (Iwiiii trunf-        Thit  fubOance   is  always  more  or  lefs   Iranfparcnl.     It  is 
P''^"''""      fufficienlly  hard  tociitglafs;  bul  hat  no  effefl  upon  (juartz, 
quiTii  i  frac-      It  is  very  brittle  :  its  fraflure  is  ufually  conchoid  ;   but  1  could 
*uir  loBchoiiiii  i  ,^  perceive  that  it  broke  in  any  particular  dir<!£lion,  in  filch 
lion  j  a  way  that  I  could  confider  the  fracture  gis  a  natural  one.      It 

becomes  eleflric  by  friflion.     lit  fpoeific  gravity  is  from  3263' 
to  3SO0.     It  is  very  icfraftoT^  :  I  kept  it,  for  (bme  time,  ex- 
pofcd 


I 


pored  to  a  degree  of  heatTufficicntly  ftrong  to  oxidiaec^  to  a 
confiderable  depths  the  iron  crucible  in  which  it  was  placed,  not  fofiblc  la  a^ 
without  its  having  undergone  any  alteration,  except  that  of 
having  acquired  a  greater  degree  of  intcnfity  in  its  colour.  Its 
tmnfparency  was  not  at  all  diminifhed. '  I  think,  therefore, 
there  is  not  the  fmallefl  reafon  to  allow  any  probability  to  the 
opinion  that  it  ought  to  be  coniidered  as  a  kind  of  glafs. 

Of  all  fubflances  hitherto  known,  that  with  which  it  feemsrit  refemblet  dia 
to  have  the  greateft  analogy,  is  the  peridot,  (the  chryfolite  ofP*"***^i 
Werner,)  to  which  feme  mineralogifts  have  referred  it.     The 
refult  of  Mr.  Howard's  analyfis  of  it,  is  nearly  the  fame  as  that 
of  the  analyfis  of  the  peridot,  made  by  Mr.  Klaproth. 

The  bardnefs  and  infufibility  of  this  fubflance  arc  nearly  the  in  bardacft  mi 
fame  as  thofe  of  the  peridot ;  but  it  fccms  to  have  a  rather  Icfs'"^*'*"'"*^* 
degree  of  fpecific  gravity :  tliat  of  two  very  perfect  cryflals  of 
peridot,  I  found  to  be  from  3340  to  3375.     The  cryflalline 
forms  of  the  fubflance  here  defcribed,  if  e\'er  we  (hould  be 
able  to  determine  them,  would  clear  up  our  doubts  refpeding 
the  analogy  between  ti)e  two  fubftances.     If  we  tronfider  the 
compact  part  of  the  fpecimen  now  treated  of,  particularly  the 
flrong  connedlion  that  appears  to  exill  between  the  iron  and  It  Is  curiooi  that 
the  tranfparent  fubftance,  and  the  great  reiiilance  we  ^*P^-ftr?aibf  **b^Aft 
rience  when  we  attempt  to  feparate  them,  we  cannot  help  wcatlxcr  j 
being  furprifcd,  tiiat  alnioii  ail  the  fj>ecimens  of  tliis  mafs  of  .    . 

metallic  iron  tliat  have  been  brought  to  Europe,  are  in  the 
cellular  flate  already  defaibcJ,  owing  apparently  to  the  total, 
or  almofc  total,  dcilru6lion  of  the  tranl'parcnt  fubrtance.  Hut, 
befides  the  fragility  of  this  fubllance,  thefpecimen  in  queftion 
helps  very  much  to  cxplaiji  the  above  cirumftance,  inalmuch 
as  many  of  the  nodules  of  the  tranfparent  fubftancc  belonging 
to  it,  are  in  a  flate  of  reai  decompodtion.  In  that  flate,  they 
are  changed  into  a  white  opaque  fubflance,  which,  upon  being 
lightly  prcffed  or  fqueezcd  between  the  lingers,  crumbles  into 
a  gritty  dry  powder.  This  decompofition  ui.ty  be  obferved  to  but  it  uadoubt- 
have  taken  place  in  various  degrees  :  in  many  of  the  nodules,  **^y  "  *<*• 
the  fubflance  is  merely  become  friable,  without  being  much 
altered  in  its  appearance ;  whereas,  fome  of  thole  which  arc 
in  a  flate  of  complete  decompofition,  are  of  an  ochreous  red- 
difh  yellow  colour;  it  is,  however,  eafy  to  dillinguifh  tliat  this 
colour  does  not  belong  to  them,  but  is  owing  only  to  the  oxi- 
idizement  of  the  adjacent  particles  of  iron. 

From 


|5S  ^^    STONY    4M9    M^TALLfNI-  SVSrTANCBS 

This  h€t  ei-         From  ihc  abo\'e  obrervations^  it  will  not  be  dificuU  to  GMf 

ttrt  of^  ?'"*"ceive  the  poffibilityof  the  total,  or  nearly  total,  defiruaiciii  of 

iron,  ftc.  tlie  tranfpareQt  fubflance ;  and  alio,  tbe  appearance  the  pieoo^ 

of  iron  mud  naturally  preTent,  when  deprived  ot'  it.     I  caoaot 

luflp  obferving  likcwifej  thai  there  appears  to  exiA  a  very  m^ 

ierefling  analogy,  between  theb  tranfparent  nodules  and  tbo 

globules  I  defcribed  as  maiung  part  of  tbe  flones  laid  to  have 

fallen  on  the  earth.     This  analogy,  though  not  a  very  iirong 

one,  may  lead  us  to  fuppofe  that  the  two  fubHances  are  fimibf 

in  tiioir  iiuturc,  but  tliat  the  globules  are  lefs  pure,  and  coQi* 

tain  a  greater  ^^uantity  of  iron. 

The  Bohemlat)       xhc  native  iron  from  Bohemia  is  a  compa^  mafs,  fimilar  lo 

nH«fitfB  ftfefli*  ^^  compact  part  of  tlie  large  fpecimen  of  iron  from  Siberia^ 

bles  tlic  sikt-    whicli  has  juii  been  defcribed  :  like  that,  alio,  it  contains  m 

"^*  number  of  globular  botiies  or  nodules ;  but  they  are  oo^  ia 

foch  great  proportion  as  in  tlie  Siberian  iron.     They  are  be^ 

fides  periedtly  opaque,  and  very  much  referable  the  mod  com^ 

pA&  of  the  globules  belonging  to  the  flones  (aid  to  have  iatlen 

on  the  earth. 


EXAMINATION  OF  THE  IRON  FROM  SOUTH 

AMERICA. 

t. American  lion  T  have  already  obfcrved,  that  my  experiments  coincided 
omuins  10  per  ^j^j,  ^hofe  of  Mr.  Prouft.  He  obtained  50  grains  of  fulphattf 
of  nickel,  from  100  rfthismafs.  The  procefs  I  have  fo  fre- 
quently mentioned,  yielded  mc  80  grains  of  oxide  of  iron  from 
62  of  the  metal;  which  indicates  about  7 1  of  nickel,  or  aboat 
10  per  cent. 

EXAMINATION  OF  THE  SIBERIAN  IRON. 

Siberian  iron  17      100  grains  of  this  iron,  ga\'e  127  of  oxide  of  iron  :  hence^ 
per  cent.  Ice.     [^  (houid  contain  about  17  percent,  of  nickel. 
Tbe  v«Il9W  mat-     The  yellow  fubftance  belonging  to  this  iron,  was  analysed 
ler*  in  the  fame  way  as  the  globular  bodies,  and  the  earthy  partSp; 

of  the  ftoiiefrom  Benares. 

The  proportion*;,  rcfulting  from  the  analyfis  of  50  grains^ 
and  from  fome  previous  experiments  on  other  paxticleSf 
were, 

Sni(»' 
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Silica  •  -  .  -  ^ 

Magnefia  .  .  «  .       134 

Oxide  erf*  iron  •  •  -  -    8f 

Oxide  of  nickel  *  *  *  i        ' 

EXAMINATION  OF  THE  BOHEMIAN  IRON, 

fl6f  grains  of  this  metal,  left  abottt  If  grain  of  earthy  mat- Bahemiaa  uoa 
tcr,  infoluUe  in  nitric  acid;  and,  by  ammonia,  afforded  50 '7  p«f  cent.  *•. 
grains  of  oxide  of  iron,  inducing  an  eftimation  of  nearly  3  of 
nickel. 

EXAMINATION  OF  IRON  FROM  SENEGAL, 

BROUGHT  BY  GENERAL  O'HARA,  AND 

GIVEN  TO  ME  BY  MR.  HATCHETT, 

In  this  experiment,  199  grains  of  oxide  were  produced  Senegal  iroa  5 
ftom  145  grains  of  metal ;  hence,  there  may  bean  eftimatlon  J[^^^' ^°*' 
of  8  grains  in  145,  or  between  5  and  6  percent,  of  nickel. 

It  will  appear,  from  a  colleded  view  of  the  preceding  pages  Summary  of  the 
and  authorities,  that  a  number  of  ftones  aflfertcd  to  have  fallen  ^***"^1?^?^^^* 
under  fimilar  circumftances,  have  proclfcly  thQ  fame  cbcira£lera«  the  earth. 
The  ftones  from  Benares,  the  ftone  from  York  (hi  re,  tluit  from 
Sienna,  and  a  fragment  of  one  from  Bohemia,  have  a  relation 
lo  each  other  not  to  be  qucftioned. 

2  ft.  Th(;y  have  all  pyrites  of  a  peculiar  character.  Pyntei,  oxide 

2dly.  They  have  all  a  coating  of  black  oxide  of  iron.  ^^  *'?^^»  "'^^U 

$dly.  They  all  contain  an  alloy  of  iron  and  nickel.     And,     fpoodent. 

4tbly.  The  earthy  which  fervo  to  thepn  as  a  fort  of  cq»i* 
i^^dlng  medivm,  corr^fpond  in  their  nature,  and  nearly  vk, 
ttieic  proportions. 

MoreQver,  in  the  ftqn^^  from  Bqna^es,  p^rk^s  and  glQbalaf  \ 

l)pdies  are  exceedingly  diftin^.     In  the  ptliers  they  are  more  or 
iqCi  definite  ;  and  thz^  froQi  Sienna  bad  one  of  it$  globuki 
tranfparent.   Meteors,  pr  lightning,  ^Wendgd  the  decent  pf  the.Metcon  or  light- 
flooet  at  Benares,  and  at  Vienna.     Such  cpjnQidence  pf  cir*  '^'"s  >ccompa- 
QU9iAan<;^^  and  the  uBquQfiionable  authorUi^s  I  havq  ad-"^*"*    *"* 
<l«Q^j  ioa()«  I  ima^^j  remove  all  dpubt  as  to  the  defceo^ 
of  th^fe  f(pny  fubftdnc;e$;  for,    tp  dlflxsUevQ  on  the  merq 
ground  of  incomprehenfibility,  would  be  to  difputc  moft  of 
the  works  of  naUm. 

3  &efpe6ting 


100  KATIVE    IRON,   &C* 

Jla^Te irons.  Refpe^ing  the  kinds  of  iron  called  native,  they  all  contaift 

nickel*  The  mafs  in  South  America  is  hollow,  has  concavi- 
ties,  and  appears  to  have  been  in  a  foA  or  welding  (late,  be- 
caufe  it  has  received  various  iropreflions. 

Th6  Siberian  iron  has  globular  concavities,  in  part  filled 
with  a  tranfparent  I'ubftance,  which,  the  proportional  quantity 
of  oxide  of  iron  excepted,  has  nearly  the  compofilion  of  the 
globules  in  the  ilone  from  Benares. 

The  iron  from  Bohemia  adheres  to  earthy  matter  fludded 
.  with  globular  bodies. 

The  Senegal  iron  had  been  completely  mutilated  before  it 
came  under  my  examination. 

From  thcfe  fa6ts,  I  (hall  draw  no  conclufion,  but  fubmit 

the  following  queries. 

Fare  there  all         1(1.  Have  not  all  fallen  (lones,  and  what  are  called  native 

tbe  fame  origin  ?  ^^  ^^  f^^^  ^^j   ;„  p 

and  from  mc- 

tjBort/  2dly.  Are  all,  or  any,  the  produce  or  the  bodies  of  meteors  ? 

And,  ladly.  Might  not  the  (lone  from  Yorkflnre  have  formed 
a  meteor  in  regions  too  elevated  to  be  difcovered  ? 

Specimens  of  the  Benares  and  Yorkfliire  (lones  have  been 
depofiled,  by  the  Prefident,  in  the  Britifli  Mufeum. 


Well  known 


V. 

Experiment  and  Ohfercations  mi  the  Heat  and  Cold  produced  by 
i/ie  Mechanical  Condaifulion  and  RurefaSiion  qf  Air  *,  By 
John  Dalton. 

XF  a  thermometer  be  inclofed  in  a  receiver  and  the  air  fud-* 
h&%  that  the     denly  condenfed,  the  thermometer  rifes  a  few  degrees  above 
rifet  in  con-       ^^^  temperature  of  the  atmofphere  ;  and  if  the  air  be  exhauded 
deDfed  and  falls  from  a  receiver  incloflng  a  thermometer,  the  mercury  finks  a . 
rarefied  au*.    £^^  degrees  immediately ;  but  in  both  cafes  after  feme  time  it 
refumes  its  former  (lation.     Thefe  fa6ls  are  well  known  to 
philofophcrs  of  the  prefent  age,  but  they  do  not  all  agree  in 
the  explanalion  of  them.     Thinking  the  fubje6l  worthy  of  elu- 
cidation, I  was  induced  to  intlitutc  a  feries  of  experiments  for 
the  purpofe,  which  I  apprehend  have  led  to  a  clear  dcmon- 
ftration  of  the  caufe  of  the  phenomena,  and  moreover  makes 

*  M^cheftcr  Memoirs^  V«  5i5r 
2  the 
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Iberads  tbemrcives  appear  in  a  fomcwhat  diBerent  point  of 
view  from  what  they  are  feen  in  at  tJic  firft  nujroeiil. 
,    One  circumOance  is  very  remaik^le,  tiiat  whether   lli«TluiiI(canl 
fRercury  rifes  or  falls  in  tliefe  inftancet,  it  h  done  very  rapi<iiy ;  (^  tn  vtrf  r^ 
pglxtcoi  in  tlieopcn  air,  if  athermouieterbeonly  twoor  thrce'^' 
(degrees  above  or  below  IJicternperalure,  it  moves  vrayflowly. 
This  feein?  lo  have  ruggefied  to  every  One  tlie  ides,  iJial  the  wheme  it  w» 
eJaflicity  of  the  glafs  bulb  of  ihe  thetraomeier  has  a  principal  froi^''^m,("„ 
ftare  in  producing  the  etTt-^,  bv  csofing  the  bulb  lo  yield  aihe  gUTi  bulb} 
JitiJe  to  the  prefTuie  of  the  air.     It  has  liowever  lieen  foynil 
Ifpon  trial  that  tlic  fame  cllt-ds  lake  place  M-betkcr  tlic  [heraio- 
jUCleris  fealed  or  nof.  My  eNpcrimenU  accord  with  lliij,  liav- bui Ti hariw 
jng  made  a  (hermooicter  arxl  left  il  uiil'ealed  f'V  llie  ^Xp'^^^^.bVtieVwlfil « 
purpofe ;  in  all  (lie  cxpcriini-'Dts  with  condenl'ed  and  rarefied  not. 
^r,  there  vna  no  feiifible  difference  obferved  lo  arife  from  the 
f|itc(]»ality  of  preffure  on  the  external  and  internal  furfaceis  of 
Ihc  bulbi,  the  fealed  and  open  therniouietors  varying  the  fame 
in  kind  and  alfo  in  degree,  except  from  circumllance?  lo  be 
roliced  hereafter. 

It  being  certain  then  tliata  real  changcoftemj)erature  takes  CoBfcq.  iruti 
place,  it  remained  to  determine  the  quantity  and  roaiuief  of*''*"!"''^"'"' 
tbal  change.     Having  chofen  a  fmall  and  confecjuenlly  teiilj.pi,^, 
ble  ibernionieter,  with  a  fcaie  of  degrees  futficiently  large  to 
admit  of  diltinguiHiing  one  tenth  of  a  degree,  I  proceeded  to 
ifeerlain  feveral  fa€ls  experimental  ly. 

EXPERIMENT  1. 
.  Took  a  receiver,  the  rapacity  of  which  was  abogl  120  cii-  ixp'  f.  A  ntj 
4ric  inches,  and  fufpended  the  ihermooieter  with  its  clear  bulb  '""^'  ihmnooie- 
io  the  central  part  of  It ;  then  letting  the  whole  acquire  the  tcciivci  isii  by 
temperKturc  of  the  room,  which  was  without  a  (ire.  I  e«- «'*'"'''i""' ">* 
^L.  Imuftcd  the  air  and  afterwards  reft ored  il,  marking  the  efTcfls  voyfi^aJj, 
^B  wpon  Ihc  thermometer.     The  medium  of  feveral  trials  nearly 
^V  ^rceiag  with  eaeii  other  was  as  under : 


The  ihtTmomtler  in  tlie  air  of  the  room  flood  al     - 

funk  upon  exhauflion  lo    -     -    - 

■         rofc  when  the  air  was  reltured  to 


The  Jhddcwu/'  of  ihc  fall  and  rife  puzzled  me  mofl  :  after 

'LttScctiog  upon  it  for  fonie  lime,  1  coiijedured  dial  ihc  re$il 

*  .cbai^  of  temperature  of  the  air  or  medium  was  much  grealof 
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citwu  than  the  flierinomclcr  in<)iratcd,  but  that  the  Inequality  eif* 
fl'th^ge  ■1'^'i  only  for  a  few  feconds  of  time,  becaofe  the  receiver,  S.-C. 
iperaiute  inHncdiBtely  imparl  heat  to  or  abftraft  it  from  fo  fmall  a  quan- 
"J^'lf  I'tjofairas  IM  cubic  inches,  which  are  only  equal  to +0 
r  btcjuie  grains  in  weight.  The  pJienomena  of  the  thermometer  fcemed 
minur)'.  very  well  lo  accord  with  th«  fiippofilioti  of  great  hail  or  eotd 
acling  upon  it  for  a  fcw  feconds  onlj-. 


EXPERIMENT  2. 

,.  _.  .-lirte        Piir/liina  llils    iAfu 


Eip.  1.  A  lirge  Purfuing  this  idea,  I  imagined  that  if  tw-o  ihcrmometeri 
«,  whofe  bulbs  were  very  unequal  in  magnitude  were  inclofed 

.cwttd  diSc-  together,  the  fmaller  bulb  ought  to  give  the  greater  cariation  : 
■    RDty.  accordingly  I  indofed  tw«,  the  diameters  of  their  bulbs  being 

^L  .35  and  .65of  an  inch  refpeflively  ;  and  having  enhaufledthe 

^^  air  and  reflored  it  again  repeatedly  In  fucccllion,  and  found  a 

^P  mean  of  the  variations,  that  of  the  fmall  bulb  was  2°.S,  and 

B  that  of  the  large,  2°.2. 

EXPERIMENT  3. 
Eip.  V  And  Repeated  the  exhauflion  with. the  fmall  thermometer  in- 

||'^''^„"J'J;,  clofod  In  three  dilTerenl  clrcumftances  fucceffively  ;   1ft  with 
tbcoorcremou  the  bulb  in  the  ccnire  of  the  receiver;  Sd  with  the  bulb  refl- 

rerting  againll  the  fide  of  the  receiver. 

1  fi  Cafe— Reduced  by  exhaudion  -  -  Q'Aj 

2tl  Cafe  -  .  -         -  -         -  ii  .15 

3d  Cafe 1   .2 

IftCafe— Raifed  byrefloring  theair  -  -  ♦  .05 

2d  Cafe 2  .2» 

3d  Cafe 2.8 

EXPERIMENT  +. 

I    Jxp.  fl-  A  culiic      Inclofed  a  wine  glaf'i  with  about  a  cubic  inch  of  water  in 

WM  "umT      ''■  containing  the  bulb  of  a  thermometer,  in  a  receiver;  and, 

Malcd.  cXhaulting  the  air,  the  thercnomcter  funk  half  a  degree  fud- 

denly,  and  then  continued  Aatioiiary  :  upon  refloring  the  air 

it  fuddenly  rofe  halfa  degree. 

..FtMiunwWch       All  thefe  experiments  confirmed  my  coiijeflure  ofanuch 

Sit  rtaUhin'i   Z^^'"  degree  of  heal  and  cold  being  produced  tn  thefe  frnfCi 

^  -  '  than  the  thermometer  points  out,  but  that  iti  cotitiniiuice  it 
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fe  fliojt  at  not  to  efied  a  material  change  in  the  tempecatore  greater  than  , 
of  the  inercury.    The  following  experiments  were  made  ^©^^^o^^r! 
afcertam  what  may  be  the  real  degree  of  heat  and  cold  gencf- 
sated  in  thofe  operations. 

EXPERIMENT  5. 

The  fame  receiver  and  fmali  thermometer  as  above  being  Eip.  5.  The 
•red,  I   found  the  exhaudion  was  effeaed  by  working  ^^f^^^^^^'uu 
pamp  one  minute.    The  thermometer  funk  nearly  2^  in  the  than  of  fubfe- 
firft  half  minute,  and  the  remainder^  a  few  tenths  of  a  degree,  ^»««>*  rife  In  the 
in  the  latter  half  minute.     The  operation  being  flopped,  and      "      ^ 
things  remaining  in  the  fame  flate,  it  required  fome  minutes 
of  time  before  the  thermometer  recovered  one  degree  of  the 
heat  loH.     Upon  opening  the  cock,  the  receiver  filled  With 
air  in  nve  feconds,  and  the  greatefl  velocity  of  the  rifing  mer* 
cury  was  about  the  end  of  that  time.     The  rifing  continued  and  the  dme  of 
for  30  or  40  feconds  from  its  commencement,  but  ^  of  ^^  J^^^-JJ^^f*^^ 
cffe^  were  produced  in  the  firfl  10  feconds.     The  greatefl  external  air 
velocity  of  the  rifing  mercury  is  l*>  in  Si  feconds.     After  the  ^"^Vfubfc!^ 
thermometer  had  attained  its  utmofl  height,  it  began  to  fall  quent  fall, 
again  at  the  rate  of  1^  of  a  degree  in  a  minute. 

EXPERIMENT  6. 

Took  the  fame  thermometer  and  heated  it  to  50^  above  the  Czp.  6.  Bf 

temperature  of  tlie  air,  then  let  it  be  cooled  by  the  medium  of  ^"••"'^S  dw  . 

.  J.    L  r  .,         .  /.    «  .        ,  r  •  thermometer  an* 

ajf,  and  it  beg{\n  to  fall  at  the  rate  of  1^  m  3f  feconds.  letting  it  cool  in 

The  two  laft  experiments  feem  to  prove  that  when  air  is  let  the  air,  it  waa 
in  to  the  receiver  in  the  ordinary  way,  an  increafe  of  tempera-  Jgvation  of  50* 
ture  qf  50**  m  produced  in  tJie  medium  xviUdn  tJte  receiver  for  3f  wa«  required  to 
fbcondt.    This  high  temperature  is  reduced  in  afcwjtamd*  by  ^^^^^aTm 

the  receiver  and  furrounding  bodies,  to  their  own  temperature,  the  former  ex- 
periment* 

EXPERIMENT  7.  ^"^'^J***'^^ 

was  the  real  riWy 
On  conden/ed  Air. 

Took  a  large  fplierical  glafs  receiver,  the  capacity  of  which  ^^p.  7.  Ther- 
was  fomething  more  than  twice  that  of  the  former  (above  one  mometer  in  con- 
gallon),  and  fufpendeda  thermometer  in  the  centre  of  it,  of  a(„^den)y  when 
larger  bulb  than  that  before  ufed ;  the  receiver  had  a  brafs  cap  the  air  was  let 
and  fiop-cock  adapted  to  it :  then  doubled  tlie  denfity  of  the  "'* 
air  within  it  by  a  condenfer.     The  thermometer  rofe  *2^  or        ^ 
more.     Let  out  the  air  fuddenly  and  the  thermometer  imme-^ 

M  2  '  diately 


ne  time  Kb      ' 
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dialcly  ruiik  each  time  from  3°  to  3°.  j  ;  at  the  fame  time  Kb 
exceedingly  (iunfe  mill  wat  produced  in  tbc  receiver,  which 
foon  fublided. 

Sufpeding  that  aijueous  vapour,  which  always  eKiIls  in  the 
almvrpliere,  and  h  liable  lo  all'ume  the  Il(|uid  or  aerial  form 
according  to  circumftance!,  might  be  the  principal  agent  in 
the  produflioii  of  heat  and  cold  by  condenfalion  and  rarefac- 
tion, I  thought  that  Ml  iticreafe  of  it  niighl  produce  a.  greater 
cfliefl,  and  that  cold  air,  which  contains  lefs  vapour,  miglit 
ka»e  a  lefs  effect.  The  reverfe  howci-cr  was  the  Isfl,  as  ap- 
pears by  die  following, 

EXPERIMENTS  I  and  ■'. 

In  a  cold  morning  la^  winter  when  the  air  was  clear  and 

the  thermometer  without  flood  at  'JO',  I  kiok  the  rt^ceiverand 

from  ihewilcr    condenf(.-r  into  the  open  air,  and  let  them  Hand  for  15  minutes 

«^P«'>*'li'"hetoociiuire  its  temperature;  then  repeatedly  coiidenfed  the  ajr 

I  lo  a  double  denlily,  and   fu d den ly  liberal cd   it  again.     On  a 

medium  of  five  trials  the  mercnry  fell  3*. 3  on  opening  ihi; 

forili*  ch»ngB  cock.     The  vapour  pri^tpitalcd  was  whiter  th-in  ulual  and 

wert  moll  rtufl-     Again,  look  Ihe  recoivcr  andcondcnfor  into  a  dyer's  fiove 
*""•  where  the  temperature  was  about  100",  and  tiie  air  abounded 

with  vapour  in  a  tranfpnrent  ib(e  :  alter  fome  time,  condenfed 
the  air  and  liberaled  it  as  before,  when  on  i  medium  of  five 
trials  the  mercury  funk  only  3*,  and  a  very  copious  mi(t  was 
precipitated,  fo  denfe  tha[  one  conld  bat  jull  diliinguilh  th« 
degree  of  the  thermometer  through  it. 

The fe  experiments  Iliew  that  the  grealer  the  qnantity  of 

vapour  condcnfcd  the  Icfs  ii  the  change  of  temperature  ;  and 

that  confcqnently,  if  air  wa«  entirely  tree  from  vapour,  tbe 

Tfah  might  b«    change  of  temperature  iivould  be  a  maximum.     Indeed  this  '\i 

tnfcrrcdfrum      clearly  confiftent  with  the  known  law,  that  when  vapour  h 

on,  condcnfed,  heat  is  given  out.     Any  prnccfi  lo  cool  the  air 

.  muft  be  retarded  by  tlie  condcnljitiou  of  part  of  the  vapour  it 

contains.     Suppofe  for  intlance  thai  a  portion  of  the  atmof- 

phiire  ctmtained  ^  of  its  weight  of  aqueous  i^pour,  and  that 

\  of  Ibis  vapour  were  condenfed  by  bO'  of  cold  ;  Ihnl  is,  -^ 

of  the  whole  claflic  mal's  was  converted  inlo  water  ;  then  the 

heat  given  out  would  be  fuQlcient  to  raife  the  temperature  of 

the  remaining  mali  of  air  and  vapour.  6  oti^,  wbioh  fuffi- 
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ciently  accounts  for  the  fmall  difference  obferved  in  thcr^fultt 
upon  warm  vapoury  air  and  cold  dry  air.  Hence  vapour, 
far  froih  producing  the  change  of  temperature  in  queftion, 
lends  to  diqninifh  the  effed. 

If  any  doubt  remained  with  me  refpeding  tlie  real  change 
of  temperature  that  takes  plaoe  in  the  operations  Klatcd  above, 
it  wa<  completely  removed  by  the  refults  of  tlie  two  following 
experiments. 

EXPERIMENT  10. 

Inclofed  a  fmal!  graduated  glafs  tube  of  i^  of  an  inch  inter-  A  fmall  mano- 
nal  diameter,  and   10  inches  long,  with  a  (horl  column  ^f^^^^*^' 
mercury  in  it,  in  the  large  receiver ;  the  tube  was  fealed  at 
one  end  and  open  at  the  other,  fo  that  a  portion  of  given  ca-    , 
pacity  was  confined  by  the  mercurial  column,  which  was  near 
the  open  end  of  the  tube,  and  fubjedl  to  rife  or  fall  by  any 
vartatton  of  dadicity  of  the  air  on  either  (ide,  being  a  proper 
jnanometer :  then  doubled  the  denfity  of  the  air  in  the  re-  the  denfity  of 
ccivcr,  and  opening  the  (lop-cock,  the  mercurial  colupin  'oon  ^  ^^"^^J^^Su 
ran  up  to  its  former  fUlion,  but  inflantiy  turning  the  cock  then  itftored  by 
again,  the  mercurial  column  returned  or  fell  down  gradually  *  «»«w?'wy 
tor  5  or  lOleconds,  to  the  amount  of  nearly  -^  of  the  whole  from  without, 
aerial  column,  and  then  became  ftationary.     Again  opening  "^^  mmonetn 
the  cock,   a  quantity  of  air  ruflied  out,    and   the  mercury  jf  the  air  in  the 
refuraed  its  original  Ration.     Thcfe  cflcdls  were  always  the  receiver  had 
fame,  on  a  repetition  of  the  experiment.  ^  forb«?hM*t  and 

become  more 
EXPERIMENT  11.  eiaftic. 

Let  the  mercurial  column  of  the  manometer  down  by  a  Exp.  ii.  Tht 
wine  to  i  of  the  length  of  the  tube  from  tlie  fealed  end  ;  then  J^^J^JJ^Jt" 
exhauded  J  of  the  air  from  the  receiver,  wliich  was  feen  by  rare^  air ; 
the  mercury  rifing  to  the  top  of  the  tube ;  and  upon  opening 
the  cock  the  mercury  fell  to  its  former  llation,  but  then  fud- 
denly  tummg  the  cock,  tlie  mercury  gradually  rofe  for  the  The  air  let  in 
fpace  of  5  or  10  feconds  to  more  than  ^  of  its  original  height  ^^^^  ^8n«  of 
above  the  ilationary  point,  and  remained  there  till  the  co'ck 
w^as  opened :  after  which  it  refumed  its  proper  llation. 

The  phenomena  in  the  two  lad  experiments  can  be  ex-  Fuller  ^xplana- 
plained  only  on  the  following  principle : — ^The  air  in  the  re-  5***°;    '^^^  ^^ 
ceiver  and  in  the  manometer  is  fubjed  to  a  like  degiee  o^  xu  \tcoN«i%  ^m. 
rarcftiAion  and  coadenfation  in  thok  experiments,  or  neai\N  "^^^'^"^^  xwk^^ 


I 
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than  ihit  in  the  fo.     When  the  equilibrlutn  ofheaL  in  the  ait  u  diflurbeil  by 
nceinr:  jj,g  operaiioiis  of  condenfalion  and  rarefaflion,  il  is  reftored  in 

whmcc  in  the  ^ 

faimtt  c.fc  the  the  manomtfler  in/Jauilii  by  realon  of  Ihe  coniipiily  of  Ihe  giafs 
I"'""'  ^'"'"S  to  (he  air ;  but  in  the  large  receiver  il  requires  a  fenfible  time 
luavcr  teiidcn  '■f  '^  fceondit  r>r  mure  to  teRote  the  equilibrium  throughout 
art  from  the  whole  iniernal  capacity.  It  i'  this  refloration  that  in- 
„„„„,creafe5  or  diminiHies  the  elafticiiy  of  the  air  conJined  in  the 
eooinfj  receii'cr,  and  therpbv  caufe«  the  rctrojjradation  of  the  mercu- 
|D*e  otbei  ^;^,  cotunin.  Now  !  Iiavc  found  by  former  experiments,  that 
a  change  of  50°  in  temperature  etfefls  a  change  ol  ^'■g  nearly, 
in  the  capacity  or  bulk  of  air.  It  follows  theretbrc  that  in  the 
cafe  of  tefloring  the  eqiiilihiium  in  condenfed  air,  about  30° 
of  cold  is  propuced  i.  and  in  letting  in  air  lo  an  exhauHed  rCf 
ceiver  fomething  more  than  30"  of  heal  U  produced.  The 
fmall  dilfercnce  feems  (o  arife  fi'om  tliic,  llial  Ihe  condenfation  * 
of  vapour  in  the  former  cafe  dimiiiijhcs  the  effefl,  and  in  the 
latter,  if  any  ihere  be,  inercafa  the  pffcfl,  that  would  arife 
f(om  operatifig  upon  purely  dry  air. 
Tht  thMry  of  The  experiments  and  obfcrtationt  hitherto  related  go  prin. 
^^^'•^&(-  *^'P^"y  '"  aficflaiii  fafls  wilhniit  any  reference  lo  the  llieory 
ftrenw  of  cjpi-  of  them  :  Tins  however  mny  be  glvenin  a  few  words,  and  is 
b^°'.*ii' '"/;  ^^^  '*™"  ^*'  '"  "'"'^f  i''*^  '•*  '^'■-  Lambert  by  MelTrs,  Sauff'urc 
thewMftrfh  and  ^'iclet  and  by  them  adopted.  H«  conceives  that  a  va- 
*W-  cuum  has  its  proper  capacity  for  heat,  the  fame  as  air,  or  any 
other  fublunce;  and  that  the  capacity  of  a  vacuum  for  heat 
ii  greater  than  that  of  an  equal  volume  of  atmofpherical  air  ; 
aUo  that  the  dmftr  air  is,  the  Ufi  is  its  capacity  for  heat :  upon 
thefe  principles  the  phenomena  are  eafily  referable  to  that 
flafi  of  chemical  fafts  where  heat  and  cold  are  generated  by 
the  mixture  of  two  different  biirfies.  If  this  theory  be  right, 
WlKMe  new  and  I  think  there  is  little  doubt  of  it,  we  may  hence  be  led 
•ipcrimEfiu  rruy  jj,(q  ^  [f^jj,  „j"  e\perinj«nls,  by  which  the  ablblutc  capacity  of 
the  cipKitici  of  3  vacuum  for  heai  may  be  determined  :  and  likewife  the  ca- 
pacities of  the  different  gafes  for  heal,  by  a  method  wholly 
.  i,u|  iiiij  mull  be  leli  lo  future  invefligaijon. 


k 


VI. 


nAccoiuit  qfa  Method  ijj'wpyiMSf  Paiitlia^i  uprm  Gfn/i,  «nrf  tf 
miking  Prijfilet  by  the  Agency  nf  Light  upon  NitnUt  nfSilvtr. 
Jmenicd  by  T.  Wedgwood,  Efq.  tVith  Ohjirvutiaiu  by 
^  H.  Daw.  front  the  J;ura,iU  of  the  Rpyiil  JnJ}ilutio/i, 
I.  170. 


Vv  HITE  paper,  or  wliiie  Ifallier,  tiioifiened  iviih  f.tljlion  Whlw  pj. 

of  nitrate  of  filvtr,  underKucs  no  chajigc  when  kt'pt  in  a  dark  *^-  """/** 

t  nil  »w  of  filvM 

place;    but,  on  being  e\poftd  lo  tlic  day-lij^ht  it  fpetrdiK  bcco-ntililKlcy 
changes  colour,  and,  adcr  pafling  through  different  lliades  ul'''£'"  '• 
grey  and  brown,  becomes  at  lengtli  nearly  black. 

The  alterations  of  colotir  take  place  more  fpeedil}'  ii 
portion  as  the  light  is  mote  inlctife.  In  the  direcl  beams  of  the  '^3^^  .  ^ 
fun,  two  or  three  minutes  are  ['ufficicnt  to  produce  the  full  1  minuta  io '] 
eAcd).  In  the  Ihade  feveral  hours  arc  required,  and  light  Iran f- '""*'"'■  "fl 
milled  through  dilferent  coloured  glalfes,  adi  upon  it  with  I 

dilTereiit  degrees  ot'  intenlily.     Thus  it  i:;  found  that  red  rays,  Coioand  nyl* 
n  fun-beams  paJTed  through  red  glafs,  have  very 


vcui[\   brco-net UKJtH 

ides  oi'^sl" :  j 

n  pro-  with  diffatat  ! 
ofthefP'r'"""M 


little  a&on  upon  it : 

but  blue  and  violet  light  piodu 

fill  eRbfis*. 


i\  green  are  more  efficacious; 
:e  the  moll  decided  and  power- 


TJic 


( 


"  The  fafls  above  mentioned  arc  analogous  to  thofe  obferved  long 
ago  by  Scheele,  and  confirnicd  by  Seiiehicv.  SchMlefounil,  ihal  in 
the  prifmaiic  TpeArum,  the  effeil  produced  bv  ihe  red  rays  upon  mu- 
riate of  lilver  wai  very  f^ini,  aud  fcarcety  lo  be  perceived  ;  whilft  It 
wat  fpeedily  blackened  by  ihe  vioki  rays.  Senebier  itaces,  th« 
the  time  required  to  darken  muriate  of  fi I ver  by  ihe  ml  ravf,  i»'20 
minulea,  by  iheannge  I'.',  by  ths  yihluwi  ininuKi  and  30  feconds, 
by  ihe  gi-cen  ,17  fecondi,  by  ihc  blue  'iO  leconds,  and  by  the  vioict 
only  15  feconds Senebitrfur  la  Laaiirt,  Vol.  HI.  p.  lay. 

Some  new  en  peri  menu  bare  bren  btely  made  in  relation  10  ihii 
fubjefl,  incouftquenceof  Iheddcortiiesof  He.  Heilchel  conctm- 
ing  the  invllible  heat-making  rsvs  exiting  in  the  foUi  beam*,  by 
Meflii,  Rilter  and  Bot^mann  in  Germany,  ami  Dr.  Wollafton  in 
Sngland. 

It  ha<  betn  alcertained  by  experimenti  upon  the  prifmalic  fpec- 

tnim,  that  no  elFefts  are  prodticcd  upon  the  muriate  of  fdvcr  by  ili* 

iaviflUe 


•I 


]68  MttaOD  OF  cotriNc  paintikcs  vrow  cLAtl< 

Benee  tht  light      Tlie  coiili deration  of  ihefe  faft»  enables  lis  readily  lo  under- 

ihn>ii*hVpjint-  "^'"i  '''^  metliod  by  which  thaoullines  and  ihades  of  paintings 

ingoo  giifs  will  on  glafs  may  bo  copied,  or  prolilea  of  figures  procured,  by 

"n'^ion'ih"      'lie  agency  of  light.     When  a  white  fiirface,  covered  with 

paper,  &t.  tnd   fotiilioii  of  njtriite  of  lilver,  is  placed  behind  a  p«inling  on 

iftotdjMpyj     glafs  expofed  to  the  folor  light ;  the  ray  i  tranfcnitted  through 

the  differently  painted  furfsces  produce  diftinfl  tints  of  brows 

or  black,  feniibly  differing  in  intenfity  according  to  the  Ibades 

of  ihc  piflure,  and  where  the  light  in  unaltered,  Ihe  colour  of 

ihc  nitrate  becomes  deepcfi. 

•rproSJe!  miy         When  the  fhadow  of  any  figure  is  tliroWD  upon  the  prepared 

flgWm,  furlttcc,  the  part  concealed  by  it  remains  white,  and  the  other 

parts  fpeedily  become  dark. 

K  For  copying  paintings  on  glafs,  the  folution  Qiould  be  ap- 

B'    ■  plied  on  leather;  and,  in  this  cafe,  it  is  oiorG  readily  a£led 

^  lipon  than  when  paper  is  ufed. 

TBc  ilng«;«  After  Ihe  colour   has   been  once  (ixed  upon  the  leather  or 

paper,  it  cannot  be  remo^'cd  by  the  application  of  water,  or 

water  and  foap,  and  it  is  in  a  high  degree  permanent. 

Th»  topiei  ihui      Xhe  copy  of  a  painting,  or  the  profile,  inimediatalv  ailet 

Ifc],  by'iUv"**  l*^.'"?   taken,  must  be  kepi  in  an  obfcure  place.      It  may 

light;  Indeed    be    examined  in  the  thade,    but,   in  tbis  cafe,    ihe 

eKpoTtJic  fhould  be  ottly  for  a  few  minutes;  by  the  light  of 

candles  or  lamps,  as  commonly  employed,  it  is  nol  fenfibly 

afTefled. 

■od  ih'n  iniiKr.       No  attempts  that  have  been  made  to  prerenl  the  uncoloured 

Ttt  taxniuw'    P®""'^  "^  "'^  ^"Py  °^  profile  from  being  afled  upon  by  light, 

ii<4.  have  as  yet  been  fuccefsful.     Thcj  have  been  covured  with  a 

thin  coaling  of  fine  x-aniilli,  bul  this  has  nol  dctlroyed  their 

fufceptibility  of  becoming  coloured  ;  and  even  after  repeated 

wathings,  fufficient  of  the  aflive  part  of  ihe  fnline  matter  will 

liill  adhere  to  the  white   parts  of  the  leather  or  paper,  lo 

caufe  them  lo  become  dark  when  expofed  to  the  rays  of 

the  fun. 

CopltiBfiti-         Hefides  the  applitations  of  this  method  of  copying  that 

""""""""^'"have  been  juft  mentioned,  there  are  many  others.     And  it 

irttifib'c  htat-makiiig  rays' which  eyift  on  the  reJ  Me,  kiid  which 
arc  leaft  icfrangin!-,  though  it  is  powerfully  and  diftioflly  afRcflcd 
in  s  rpacc  beyond  the  violet  rays  out  of  the  vifibte  boundary.  See 
Aimalm  dtr  fhy/H,  fiebtrthfr  Bmd,  oifT.-H). 

i  will 


I 


will  be  ufcful  for  iBakirg  delinntioiis  of  all  fiich  objea^  as 
ore  poirrlTtril  of  a  texture  panly  ojiaque  and  partly  tranlpa- 
r*rl.  The  woody  fibre*  of  Imvm,  and  the  wings  o(  infcflt, 
oiBy  be  prptiv  accurately  reprcfi'tiFed  by  moans  of  it,  and  in 
lliis  cafe  it  is  only  rteccfTary  lo  caufc  thy  ditt-ct  folor  light  to 
pafs  through  tlicm,  nnd  to  tewive  the  Itiadows  upon  prtpared 
Jealher. 

When  the  fotar  f«y»  are  palTod  througfi  a  print  and  ilirownPrinti  not 
npoii  prepared  paper,  the  unfharieH  parts  are  (lowly  copied  ;'•'''">''- 
but  the  lights  tranlmltted  by  the  (haded  part<,  are  fcldom  To  < 

definitt^asio  fortii  a  diliinflrefetnblanaeof  llicm  by  producing  ' 

difTerenl  intenCtit-s  of  colour. 

The  image;  formed  by  mcam  of  a  camera  obfcura,  havcTheimignnF  ' , 
been  found  to  be  too  feint  to  produce,  in  any  moderaia  '''"•.™  f'""*?*?!,- ' 
an  effefl  upon  the  nitrate  o**  filver.     To  copy  tli<-lc  imageoprocdk, 
was  the  firft  objeiS  of  Mr.  Wedgwood,  in  his  ieft;arches  on  ^ 

the  fubjeA,  and  for  this  purpofe  he  firR  ufed  the  iiitrato 
of  filver,  which  was  inetilioned  to  liim  by  a  (Vicnd,  as  » 
fubHance  very  fenfibic  to  the  influence  of  light;  but  all  hi« 
numerous  experiments  as  lo.tlteir  primary  end  prwved  un- 
fucceftful. 

In  fcllowing  tJiefr  procefles  I  have  (bund,  thai  the  imaget  ofThofe  ftom  the 
fmall  otqefls,  prwiuced  by  means  of  ihu.-  lotar  microfc-ope,  moySl'taT^,'.'^'^ 
be  copied  without  difficiilly  on  prepared  puper.     This  wilt 
probably  be  a  ufeful  application  of  the  method  ;  that  it  may  he 
employed  fuccefsfully  however,  i(  is  ncceifary  thm  Hie  paper 
be  placed  at  but  a  fmall  diiiaiiCL-  from  the  Icn.i. 

With  regard  lo  the  preparation  of  the  folution.  I  baveTo  nultc  the 
found  the  beJl  proportions  thofe  of  1  part  of  nitrate  lo  about 
10  of  water.  In  this  cafe,  the  quantity  nf  (he  fall  applied 
to  the  leallier  or  paper,  will  be  fulTicient  to  enable  it  lo  be- 
come  tinged,  without  afiefling  its  compolition,  or  injuring  its 
texture. 

In  comparing  the  effefli  produced  by  light  upon  muriate  of  The  muriate  ii 
filver,  wilh  thofe  produced  upon  the  Jiitrate,  it  feemcd  evident,  ^,'^^*J,'^. 
that  the  muriate  was  (he  moil  fufcepliblc,  and  both  were  murciiwcj, 
readily  a^ed  upon  when  moill  than  when  dry,  a  fad  long  ago 
known.      Even  in  the  Iwilighl,  the  enluur  ol  moid  munale  of 
filver  fpread  upon  paper,   (lowly  changed  iVom  while  lo  hiint 
violet;  though  under  limibr  cirrum fiances,  no  iiumediute  al- 
teration WBi  produced  upon  llie  nitrate. 

I    .liV  Th«- 
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The  nitrate,  however,  from  lis  folubilily  in  water,  poHl-ne* 
an  advantage  over  liie  muriate :  tliough  leather  or  jiapcr  may, 
'witliout  much  difficulty,  be  imprcgimted  with  this  lafi  Tub- 
fiance,  cither  by  ditfufiiig  it  through  water,  and  applying  it  in 
thii  forin,  or  by  iiniserting  paper  moillened  with  the  folulioii 
of  the  nilr&te  in  very  diluted  muiiattc  acid. 

To  thofe  perfoni  not  acquainted  with  tlie  properties  of  liie 
faiU  coDiaining  oxide  of  filvcr,  it  may  be  ufeful  to  (late,  that 
they  produce  a  Aain  of  Tome  permanence,  even  when  mo- 
mentarily applied  to  the  fkin,  awl  in  employing  them  for  mnif- 
icniiig  paper  or  leather,  it  is  necedary  to  ufe  a  pencil  of  hair, 
orabrufli. 
Si«nediii«rike»  From  the  impotfibilily  of  removing,  by  waOiing,  the  colour- 
ing matter  of  Ihc  fall}  from  the  partK  of  the  furlaee  oftJic  copy 
which  have  not  been  expofcd  to  light,  it  is  probable  that,  bolli 
in  the  cafe  of  the  nitrate  and  muriate  of  filver,  a  portion  of  the 
metallic  oxide  abandons  lis  acid  to  enter  inlo  union  with  the 
animal  or  vegetable  fublinnce,  fo  as  to  form  with  it  an  infolubic 
compound.  And,  fuppofing  that  this  happens,  it  is  not  ini- 
prubable  but  that  fubflances  may  be  fiiunil  capable  of  dcHroy  • 
ing  this  compound,  either  by  firnple  or  complicated  affinities. 
Some  experiments  on  ihh  fubjefl  have  been  imagined,  and  an 
account  oftlie  refults  of  them  may  polfibly  appear  in  a  future 
number  of  the  Journals.  Nolhing  but  a  method  of  preventing 
the  unlhaded  parts  of  die  delinealion  from  being  coloured  by 
expofure  to  the  day  is  wanting,  to  render  ibe  procefs  as  ufefu] 
as  it  iieleganL 


iying  proceh 

(ficftcd  hen. 
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VIL 

Obf€rvaiion9and'EipcrifnenUuponOjngariized*md 

ized  Muriatic  Acid;  and  upon  Jbme  tCombimitiotu  qfthe  Mur 
riatic  Acid  in  its  Three  Stateg.  By  Richard  Chknevix. 
Efij.  F.  R.  S.  M.  R.  L  A.  From  the  Phiiojbp/iical  Tranjbc* 
tionsfor  1802. 

VV  HEN  Mr.  BerthoUet  made  known  the  combination  of  Inference  i 
what  was  then  called  oxigenated  muriatic  acid  with  potafh,  Scfocilk 
he  gave  as  his  opinion^  that  the  proportion  of  oxigen,  rela-' i^oate<  m 
lively  to  the  quantity  of  acid,  was  greater  in  the  fait  tiian  in  ^^V°^^^  « 
uncombined  oxigenized  muriatic  acid.     This  conjecture  was  gen  than  Fi 
feirly  founded  upon  the  obfervation,  that,  in  his  mqde  of  pre-  ***f  uncoxn 
paring  this  fait,  a  large  portion  of  common  muriate  was  formed 
in  the  liquor,  along  with  the  hyperoxigenized  muriate.^  The 
memoir  which  he  publiihed  in  the  year  1788,  is  the  lail  with 
which  I  am  acquainted,  upon  this  fubjcdl.     It  does  not  con- 
tain any  thing  that,  confidering  the  accuracy  which  is  now 
required  in  experiments,  amounis  to  a  demon fl ration  of  tjie 
relative  proportions  of  oxigen,    in  oxigenized  and   hyper, 
oxigenized  muriatic  acids.     Unfortunately,  this  chemifl  has 
not  purfued  his  refearches  any  farther ;  although,  from  his 
own  words,  we  had  every  reafon  to  hope  that  they  woujd  have 
been  continued. 

In  the  S^fteme  des  Connoijfancet  Chimiques  of  Mr.  Fourcroy,  Fourcroy*i 
we  find  a  fummary  of  the  experinjents  that  had  preceded  the  ^^^^ 
impreflion  of  his  work,  together  with  the  following  fentence: 
'*  Tous  les  muriates  furoxig^n<3s  (bnt  decompof<6s  par  les 
"  acides,  fouvcnt  avec  une  vioiente  decrepitation,  aveo  un 
d^gagement  de  vapeur  jaune  verddtre,  et  une  odeur  tres- 
fortc.  Cette  vapeur  efl  de  veritable  acide  rouriatique  fur-* 
oxig^ne.  Ellc  efl  iourde,  torabe  en  goutellettes  d'un  jaunc 
vert,  et  forme  des  ftries  comme  de  I'huiie,  fur  les  corps  aux- 
"  quels  elle  adhere."    This  aflcrtion  carries  no  confirmation 

*  1  have  preferred  tbit  word  to  ox^eftatedf  becauie  ate  is  the  ap- 
propriate termination  pf  certain  falts  forqied  by  actdt  in  /V.  Somt 
further  remarks  upon  this  fubjeA  will  be  made  in  a  work  now  in 
ihe  prefs>  intitlcd.  Remarks  upon  Chemical  NnneMciatMre, 

along 
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aloogwilli  il;  and  does  nOt  amount  fo  nt-ar  lo  proof  as  ll 
wofpoiition  of  the  former  chemUl ;  folhal,  in  feft,  the  cxidencf 
"'•   of  h) perovigenized  muriatic  acid,  and  of  its  cotnUiiiation  wita'fl 
polalli,  rclls,  al  prefent  upon  theconJe6)ure  of  Mr  Berthollct  |  J 
a  conjeftare  however  which,  as  well  as  his  whole  dUTcrlalioii  f 
upon  thefubjef).  beaie  all  the  niBrkii  of  genius  which  follronglyj 
charaderilc  every  produiflion   of  that  fagacious  philoloplter.  j 
Some   notice    has   been   taken   of  other   faline  combinatio 
formed  by  cauling  a  current  of  oxigenjzed  muriatic  apd  t{^^ 
fialklhrough  lululkins  of  the  alkalis,  or  earths,  or  by  otherwift  9 
combining    them.      Men".    D'Olfus,    Gadolin,    Van-Mon«,  J 
'      J^voificr,  and  others,  have  Sightly  mentioned  fonie  oflhoTff  j 
combinationE,     But,  with  the  exception  of  Mr.  Berlhollel,  J  T 
know  of  no  clieiiiift  who  has  approached  to  near  to  the  reotJ 
(late  of  the  combination  of  muriatic  acid  and  oxigen  with  pot-    ' 
adi,  as  Mr.  Hayle,  of  Mancheacr.     The  true  nature  of  thi« 
fall,  however,  i*  one  of  ihole  tilings  which  many  pcrlons  have 
credited  withotit  proof  (  and  which  many  others  have  been  on 
lie  eye  of  difoovering. 
I"*  1  fliall  now  proceied  to  lay  before  the  Spciely,  an  aocouiit  <jf  J 

the  obfervatioits  and  eKperiments  which  have  led  me  to  eon*  J 
elude,  that  muriatic  acid  docs  cxx(i  in  the  Ibmi  of  oxigenizacl  1 
and  hyperOKigenizcd  muriatic  acid,  as  announced  in  (hu  lill*^ 
of  the  prefent  communication  ;  and  that,  in  either  [talc,  it  k  j 
capable  of  entering  into  faline  combinations. 
rri-        With  (his  view,  1  fliall  defcribe, 

Ijl,  The  nieaiib  by  which  I  think  I  have  fuccecded,  in  alccr^  J 
taining  the  cDnAiluent  parts,  a^  well  as  Uie  proportions, 
OKigeiuxed  aad  h^peroxigenizod  muriatic  acid. 

2i%,  1  (hall  mention  foiiteiri' the  combinations  of  the  rouria*  i 
lie  acid,  in  its  three  dales. 

In  treating  upoti  the  firlj  »f  Ihefe  olijc^s  I  niufi  in  foma 
mcalure  ajilicipate  (tie  fecond  ;  and  laud  fuppole  foitie  things 
Lnown,  which  are  iierealier  Id  be  defcribud.     This  inconve*    . 
uisnce. •«  tncvJtil>lG ;  afitfae  naluraJ  orderof  things  leads  me  I*  -^ 
lr«at  of  ^a  acidi  before  1  conG  der  the  bodies  into  tlie  coinpoG*  J 
lion  ofwhich  it  enters, 
lur.        J  espofed  luthelieat  ofa  lamp,   100  grains  of  hyperoxige- 
"*  oomI  muriate  of  potajh.    It  decrepitated  gmilly,  and  in  a  tliort 
J,     l*me  Hialted.     After  Tcmaining  in  fulion  nearly  an  hour,  I 
'""  allowed  ittocot>l;  it  cryftaHlzed  as  formerly,  and  'had  lofl 

'Jj5  per 
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d«^  per  cent.    I  increaied  the  heat  to  rechiefi,  in  a  fiimaoe.  0,015.    ^^ 
The  fait  boiled  with  a  violent  effervefcence, :  and  rapid  dtA  ^^  ctiifcd  ~ 
engagement  of  gafeous  fluids    togetlier  with  a  tliin  vvhite]o(sofo»s* 
vapoar,  and  then  funk  fuddenly  into  a  white  fpongy  mafs. 
The  lofs  of  weight  ufuaily  varied  from  42  to  4S  or  50  per 
cent. 

I  put  100  grains  into  a  coated  glafs  retort,  luted  to  a  fmall  P"^^'*^<»  ^ 
and  perfeftly  dry  receiver,  having  a  tube  communicating  with  q/ p^j,fl,*^ 
a  glafs  bell  in  the  pneumatic  tub.     The  6re  had  not  been 
lighted  veiy  long,  when  a  flight  dew  began  to  line  the  infide 
of  the  receiver ;  and,  as  foon  as  the  retort  wa&ftcariy  red-hot,  "ffWed  ozifcai 
a  difengagcmcnt  of  gas,  fo  fadden  as  almofl  to  be  explofive, 
took  place.     A  quantity  of  thin  white  vapoar  arofe,  which  af- 
terwards  was  depoHted,  in  the  form  of  a  white  fublimate,  tfi 
the  receiver  and  the  tube."    When  the  extrication  of  gas  had  ' 
ceafed,  the  apparatus  was  allowed  to  cool.     The  gas,  with  the 
ufual  corrections  of  temperature  and  prdTure,  meafured  1 12,5 
cubic  inches,  =  38,3  grains.     The  2,5  mentioned  above,  aBi»Aleft.aBi0lillik 
the  lofs  of  this  fait  at  a  low  heat,  were  water.     53,5  remnined 
in  the  retort ;  and  the  white  fublimate  in  the  tube  and  reoeiveii 
amounted  to  5.  - 

The  products  of  this  operiftion  were  therefore. 

Water            -            •  -  •        2,5 

Oxigen    .            -            -  -  38,3 

Salt  in  'the  tube  and  receiver  •      .  •        5                        1 

Salt  remaining  in  tiic  retort  •  ^  53^5 

99,3. 

To  find  the  proportions  of  oxigen  and  muriatic  acid,  in  hy- 
peroxtgenized  muriatic  acid,  it  now  only  remains  to  determine 
the  fum  of  tlie  quantities  of  muriatic  acid,  contamed  in  the  The  rafiduat 
33,5  of  the  retort,  and  the  5  of  the  tube  and  receiver.     The  "»»"«« ^w  ca^ 
33,5  gave,  by  nitrate  of  filver,  a  precipitate  correfponding  tOpjSte  nitMtefl? 
18,21 ;  and  the  5,  a  precipitate  correfponding  to  1,76;  in  all,  filycr,  and  itt 
20  of  the  muriatic  acid.     Therefore,  38,3  of  oxigen,  and  20  of  J^^d^fnTcrMcT*^' 
muriatic  acid,  combine  to  form  58,3  of  hyperoxigeinzed  ma-frotoithe  predrr 
riatic  acid ;  or,  100  of  hyperoxigenized  muriatic  acid  contain,  P'^*** 
within  a  fraction, 

Oxigen  »  m  »  u        ^^ 

Muriatic  add        ...  35  .      ' 

100. 

And 
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TUbyftm.     And  theelemcatt  ofhyperoxigenizetlmunBteof  poUlb.fhoiM 

niuiiiM  ih«rt.    ije  thus  dated  : 

iDfC  binuinid 

Oxigen      -      3M,3  (  hyperOxigetiTzed  J 
Muiialicacid  UU     }     nmriaLtc  acid      j 


^fmtti  pi^'ajTia 


5d,5  ^ 


Potafli 
Water 


39,3 


HIIJ 


fclutionotpgi- 
■Al,  VRlk  fold. 


fulph.ormut. 

*c>d. 

The  tcond  bdl 

bypn™.  muc. 


100,0- 

It  may  be  ubfcivi:d,  that  the  .;3,5  of  the  reloTt  did  not  y\e\d 
the  liime  proporlion  oi'acid  as  llie  5  of  (he  tube  and  rcctiver. 
The  fa6)  is,  that  all  muiiatcs  lofc  a  little  of  their  acid  at  a  red 
heal,  as  I  Jliall  prefently  mention  more  particularly  ;  and  the 
Imall  lofi  was,  in  all  probability,  owing  to  a  portion  uf  acid  dif- 
engaged  by  the  heat  to  which  the  fall  was  neceHarily  expufed 
during  llie  upcratioii. 

Having  ibus  afcertatncd  the  proportion  of  oxigcn  in  hypi-r' 
oxigcnixed  muriatic  acid,  by  means  of  its  combinaliuii  "  ilh 
potafli,  a  rt-ady  nietliod  occurred  to  arrive  al  the  luiowlcdge  of 
ihat  contained  in  oxigeniiecd  muriatic  acid.  Fur  thi*  purpule, 
I  difpofcd  in  the  following  manner,  a  Woulfe's  apparatus,  con- 

/iliingul' three  boLlles,  and  conncfied  with  the  pneumatic  tub. 
In  liicfirltbolllc,  I  put  afolutiojiufpolalh*.  in  about  fix  parts 
of  water.  In  Ihe  feconil,  a  folution  of  the  fame ;  but  fo  dilute, 
as  that  no  part  of  the  fall,  which  might  be  formed,  (houldcryf- 
lalhze  during  the  operation.  About  twenty  parts  of  water  was 
the  proportion  tliere  employed.  In  the  third  bottle,  I  put  com- 
mon carbonate  of  polaHi.  Through  lliis  apparatus,  1  Tent  a 
current  of  osigenizL'd  muriatic  acid,  difengagcd  by  fulphuric 
acid,  Irom  a  mixture  of  muriate  uf  fnda  and  black  o\idci  of 

,  manganefe,  in  the  well  known  manner.  Cryftals  of  hyper- 
oxigenized  niuriatir  of  polalh  were  formed  in  the  liquor  of  the 
firll  buttle ;  and,  a^  long  as  they  remained,  I  was  certain,  from 
previous  experrniciil,  that  no  fulphuric  or  muriatic  acid  could 
pafsiuloihe  fccond  bottle.  The  current  was  continued,  till 
tlie  liquor  ol  tliat  bottle  contained  an  escefs  of  acid.    The  cat- 

'  bouate  of  potalli,  in  the  ihird  boUlc,  abforbed  the  fuperabun- 

'  dant  vjpoufs ;  and  the  pneumatic  apparatus  was  ready  to 
collect  any  gafos  thai  niijjht  be  evolved.      By  thefe  means,  I 

•  Whenever  potalli,  fod»,  barytct,  an  scid,  an  alk»li,  witer,  or 
the  njiuci  of  other  rubHances  are  uieil  'without  sn'epitbet,  the/  arc 
Wfiuii  to  denote  ihcm  in  that  ftite  which  ii  commonl);  called  part. 

obtained 
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cbtaiiied^  in  the  fecond  bottle,  a  folution  of  whatever  fubftanoe  Tht  thkd  botde 
might  refult  from  the  aftion  of  potafh  upon  hypeioxigenized  ^^^^^^ 
muriatic  acid.  ponrt* 

I  took  a  portion  of  this  liquor,  which  I  fliall  call  «n/treTheIiqtMrof 
liquor  *,  and  diftilled  it  to  drynefs  in  a  glafs  retort,  taking  ^^^^^f* 
care  to  fcreen  it  from  light,     A  tube  from  the  receiver  commu-  diftiUatkMi,  bat' 
nicated  with  the  pneumatic  tub.    My  objeft  was  to  afcertain,  ^^  tlu^^ 
whether  the  change  obferved  by  Mr.  Berthollet,  in  the  diftribu^ 
lion  of  the  elements  of  oxigenized  muriatic  acid,  to  form,  with 
potadi,  a  (imple  and  a  hyperoxigenized  muriate,  really  took 
place  among  thofe  elements  themfelves,  independently  of  any 
abforption  of  oxigen  from  the  atmofphere,  or  extrication  of  it  .  • 

from  tlie  fait.  Nothing  but  fome  water,  and  a  few  inches  of 
the  dilated  air  of  the  veflTcls,  paffed  into  the  receiver  and  die 
pneumatic  apparatus:  and  I  found,  in  the  retort,  a  fidtno 
mafs  t,  perfedlly  dry  and  cryflallized.  (lence  it  is  evident^ 
that  the  fame  quantity  of  oxigen  as  that  formerly  contained  in 
the  oxigenized  muriatic  acid,  which  had  been  united  to  the 
alkali,  to  form  the  total  mafs  of  fait,  was  now  condenfed,  in  thai 
part  which  had  become  hyperoxigenized  muriate. 

To  afcertain  this  quality,  I  diflblved  100  grains  of  the  entire  too  grains  of 
ialt  in  water,  and  precipitated  by  nitrate  of  filver.     I  thus  ob-  ^^^*^  ^^' 
tained  a  quantity  of  muriate  of  filver,  which,  by  proportions  fiUer  u  S4 
previoufly  determined,  I  knew  to  correfpond  to  84-  of  muriate^*"**  of  muri- 
of  potaih:    therefore,   16  were  hyperoxigenized  muriate  of  would  bare  doiit* 
potadi  t'     But,  according  to  the  proportions  eflablifhed  above  Therafbre  16 
in  hyperoxigenized  muriate  of  potafh,  16  of  this  fait  contain  g  P*rti  were  hyj. 
of  oxigen,  with  3,20  of  acid,  the  remainder  being  alkali  and  muriate* 
water ;  and,  by  preliminary  experiments,  I  found  that  84  of 
muriate  of  potafli  contained  27,88  of  muriatic  acid.  Therefore 
27,88+3,20=31,08  of  muriatic  acid,  with  6  of  oxigen,  or,  to 
reduce  it  to  the  quintal, 

*  I  am  welt  aware  that,  upon  philofophical  principles,  this  appel- 
lation is  objectionable ;  but,  for  the  fake  of  brevity,  I  have  ufed  it 
at  a  temporary  name  for  a  fubftance  which  has  only  a  relative  ex- 
igence among  chemical  bodies. 

t  This  fait  I  (hall  call  entire  fait, 

t  I  rauft  obferve  here,  that  hyperoxigenized  muriate  of  potaih 
does  not,  like  fimple  muriate,  decompofe  the  falts  of  filver.  This 
Aall  be  further  animadrerttd  uponi  and  proved^  in  its  proper  place. 
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100,  are  the  proporlions 
wbicb  combine  to  foroi  ox  igeiiizedinurialic  acid. 
„...._  Mif  To  corroborate  lliii  evidence,  I  diflilled  100  grains  of  the 
•e^'  "  '  inline  (kit  mentioned  above  ;  and  obtained  nearly  16,5  cubic 
inches  of  oxigcn  gai  i  w  hicli  as  accurately  correfponds  witli 
the  trials  by  nilratt;  of  CIvcr,  as  can  bo^xpeflcd  in  «:^pcriments 
of  tiki,  naiure. 

Ciwp«>r»n  wi'h  Mr.  Beflhollet,  in  his  memoir  upon  oxigenized  murialic 
ttti'tiKAJtti  ^^'^f  K'^^'^'i  <^  1  underJland  bim  righUy,  tbe  following  fiale- 
nenlof  the  proporlions,  and  of  the  means  by  whicli  be  ob- 
UjnaU  his  rcfuJts.  Ho  expofud  to  ihe  bgbt  of  the  fun,  50 
cubic  inchci  of  vrater>  (ktuinted  with  oxigcmzcd  muriatic 
acid ;  and  coUedkid  in  Ihe  pneomalic  tub,  1 5  cubic  inches  of 
oxigen  ga;.  I  here  negl^A  fracliuns ;  bccatift:  our  rcfulli  ap- 
pear, at  firJi  fight,  to  dift'yr  fo  widely  as  not  to  require  great 
sccuracjr  in  giving  ibelr  comparative  fialement.  He  then  pre- 
cipitated, by  nitrate  of  GJver,  llie  bO  cubic  inches  of  liquor, 
wtudi  had  become  fimple  roiirialie  acid,  and  obtained  3S3 
gcaiosofmuriateof  lilver.  But,  by  cKpcriments,  I  found  that 
383  grains  of  muriate  of  filver  contain  65  of  muriatic  acid. 
TJiercfore,  65  of  muriatic  acid  couibine  with  1 5  cubic  Inches  * 
(=B  grains)  of  onigen,  to  form  73  of  osjgcruzed  muriatic 
acid.  But  73i8  ::  100:  II,  or  nearly.  For  this  dilference, 
however,  it  may  be  eafy  to  account.  Perhaps  Mr.  Berlhal- 
Ici's  60  cubic  inches  of  oxigenizcd  muriatic  acid,  contained 
origin^y  a  little  ^mple  nauriatic  acid;  and  be  fays  belides, 
ibat  he  lufpefls  all  tlie  oxigen  was  not  diiengagcd.  This  in- 
deed is  moH  probable ;  and  I  am  bappy  that  1  can  reconcile 
the  proportions  which  I  have  found,  to  the  opinion  of  fo  (kilful 
a  the  mill. 

Mr.  Cruioklbank  Ukewife,  in  his  additional  Obfervations 
(ipoD  HydrocarboDate^,  has  dated  that  2,3  parts  of  oxigeoizeii 
iiiUfialicacid<:ontain  I  of  oxigen,  or  about  V3, 5  per  cent.  ^M 
this  able  chemift,  to  whom  we  arc  indebted  for  tlje  difcovery  of 
the  galeous  oxide  of  carbon,  procured  hisoxigenized  muriatic 

*  Mr'.  Bertholiet't  proportion*  are  in  the  old  Frsnch  weights  and 

»cid 
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ikcld  by  a  'peottliar  method,  which  I  fliall  notice  .inipeaking  of 
the  a^ion  of  acids  upon  .h)rperoxigenized  muriate  of  .pulafli. 
The  fubftance  he  obtained  was,  in  fadl,  notoxigonizcd  muriatic 
acid  gas,  but  a  mixture  of  that  gas  witli  hyperoxigenized  mu- 
xiaiic  acid.  I  have  not  tiie  fmalleil  doubt  of  the  accuracy 
.of  his.  fiatement;  bat,  being  the  :proportion  of  a  mixture,  it 
HI  .no  way  contradi^s  either,  of  thofe  I  have  determined  in  thb 
Paper. 

Before  I  difmifs  this  part  of  the  fubjeft,  I  wiih  to  anticipate  There  wai  no 
an  objedion,  founded  upon  an  obfervation  of  Mr.  Berthollef,  f^^/ q^^*^ 
"which  may  be  made  to  tlie  above  experiments.     Ho  fays,  that  the  experiment!* 
"when  the  alkaline  folution  is  v^ry  conoentrate,  an  e^ervdf* 
cence  takes  .place  durin     thewhole  of  the  faturation;  and  for 
-fome  days  after ;  and  this  eifervelcence  he  attributes  to  the   ■ 
eicape  of  oxigen.     But  I  have  already  faid,  that  no  oxigen  gas 
was  difengaged  in  any  part  of  my  procefs;  and  no  effcrvef- 
-cence  took  place  in  any  of  the  bottles,  except  the  third;  k 
that  no  fuperabundancc  of  oxigen  could  have  palled  from  one  Itii  probable  the 
into  the  other,  nor  could  any  dhninution  of  the  total  quantity  BertholStwai 
.have  been  produced.    By  repeating  the  experiments,  f ome- ^o^ng  to  caibd* 
'times  with  a  folution  of  alkali,  and  (bmetimes  with  water  Alone,  ™^^* 
in  the  firft  bottle,  I  obtained  the  liquor  in  the  (econd  bottle 
uniform  in  all  cafes.     Indeed,  as  potalli   prepared  in  Mr. 
BerthoUct's  manner,  was  not  in  fuch  general  ufe  at  the  time 
he  perlbrmed  his  experiments  as  at  prefent,  I  fufpedl  that  a 
great  part  of  this  effcrvefconce  was  owing  to  a  difengagement 
of  carbonic  acid  from  the  alkali. 

Having  thus  proved  the  difference  between  the  dates  of  Ihefe 
two  acids,  I  (ball  now  proceed  to  tlie  combination  of  each  with 
(alifiable  bafes. 

OXIGENIZED  MURIATES. 

As  many  properties  of  the  entire  liquor,  before  it  had  been  Whether  the  fl- 
evaporated  to  dryness,  had  led  me  to  imagine  that  the  acid  was  ^"°'  before  eva- 
uiiited  with  the  alkali,  and  remained  in  combination  with  it,  tain  the  twofiiJu 
in  the  ftate  of  oxigenized  muriatic  acid,  till  the  moment  of ''^  ^'.'^'x  °"*  o**- 
cryftallization,  I  think  it  neceflary  to  flate  at  length  the  ap-  fore^einftant" 
pearaiices  which  induced  me  to  draw  that  conclufion,  and  the  ofcryftalliaation. 
experiments  which  afterwards  convinced  me  that  it  was 
erroneous. 

V^oL.  III.— NovEMBfiR,  1802.  N  A  few 


ic  acid,  poured  into  fame  of  the  mlir* 
ifcencc;  and  a  fmell  of  oxigenized 


I 
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Sulphocic  or  A  few  drops  of  Tulphu 

engaged oiye-  .  ,•         .. 

PI.  Kid  from  the  muriittic  acid. 

fiquor;  Very  (trong  acetic  acid  produced  llie  fame  ed'efl. 

but  not  fioni  the  By  other  ex  peri  men  I  s,  1  had  afcertained  thai  acetic  acid 
could  not  decompofe  any  part  of  Ihe  inlire  fait ;  and  hence  I 
concluded,  that  in  (he  ititire  liquor,  befote  evaporalicHi,  fome 
oflhe  fall  remained  in  the  (late  of  o\igenized  muriate,  (be  acid 
of  which  was  expelled  b/  the  fulphnrtc  or  acetic  acid ;  and, 
that  it  wai  not  till  ihe  cnomenl  of  cryftallization  that  the  ele- 
ments of  the  fait  underwent  a  total  refolation  into  muriate,  and 

Tbit  however     hvpero\igcnised  muriate  ol  potalh.     However,  a  fmall  quan- 

diftni^J^di  ''*)'  "'"  ""^  "^  ^^^  "">'  "^'"^'^  "^'""'^  *""*'   ^"'^^  "^  "'"^'^  '^ 

muriate  of  animonia,  or  '■"' — '— 

fame  effecls ;  and  I  was. 
was  owing  to  foroe  unc' 


ef  oxyg. 

acid  i  far  neu. 

ml  fiJti  eoaU 


P 


>eeik  and  acB 

decompufc  hy- 
,mj....! 

dccoinpatVs  act 
lilt  of  poNlh. 


1  little  alcohol,  produced  the 
lien  coni'inced,  (hat  the  eflervefcence 
iinbined  oxigeiiized  muriatic  acid  gDS 
;  and  which  was  dilengaged,  in  pro- 
portion a»  the  water  was  taken  from  it,  by  the  fuperior  affinity 
of  the  fait.  Of  the  alcohol,  [  had  ufed. 

By  fotne  previous  eKperiraenls  I  had  afcertaincd,  as  I  have 
jutt  mentioned,  llial  acviic  or  acetous  acids  do  not  decompoie 
hypero<;igenizeri  muriate  of  pol&lli.    I  foril  a  current  of  oX' 
igenized  muriatic  acid  llirough  a  folulion  of  acelilc  of  potaDi ; 
and,  upon  evaporation,  I  fouud  that  tlie  acetous  acid  had  been 
difengaged,  and  that  muriate,  with  by peroxigefiized  muriate, 
of  iwlaAi  had  been  formed.     But,  from  fome  (rials,  which  I 
Hiall  prcfenily  relate,  I  waj  induced  to  believe,  that  oxigcni zed 
muriatic  acid  attra^a  the  falifiable  bafcs  with  a  much  weaker 
Inrucbdifen-     stlinlty  than  see tous  acid.     It  is  well  known  that  diecontafiof 
•j*"!"""  ''"     OJiigenized  muriatic  acid  with  an  alkali,  is  fnfficient  to  produce 
eotnbiMd  u  if  it  a  combinalion  of  thai  acid  ivilh  the  alkali ;  and,  from  the  lafl- 
had  a  fiiA  been  mentioned  espcriinents  it  appear<,  that  it  is  not  abfolutely  ne. 
colTary  lliat  the  alkali  fliould  he  in  a  free  Rate.     If  it  be  com- 
bined with  an  acid  wi-aker  than  hyperoxigenized  muriatic 
acid,  the  original  acid  will  be  expelled;  and  muriate  and  hy- 
pe roxigejiizcd  muriate  will  be  formed,  as  if  the  alkali  had  been 


As  a  fuilJier  proof,   that  Ihe  change  in  the  diftribut 

Dxigenized   muriii<e   of  potalh   takes  place   at 

conlaCl   of  the  acrd  and  the  alkali,  and  confcquunllj'  long  be- 

iWe  l)iB(rylla!i.a'.ion,  I  mention  the  tbllowlng  experimeiiH. 

i  pre- 
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i  precipitated,  by  nitrate  of  filvcr,  400  grains  of  the  entire  The  firft  liqim 
iiquor,  previoufly  to  its  being  evaporated ;  and  obtained  7 1  J^**nitrjS»  df"* 
grains  of  muriate  of  fi  1  vcr.  fii? er ; 

I  evaporated  to  drynefs^  400  grains  of  the  fame  liquor,  redif-  and  afforded  the 
fplvedthe  reiiduum,  and,  by  dropping  in  nitrate  of  filver,  ^- foTition  of  the 
tained  70  grains  of  muriate.     The  difference  of  one  grain,  in  intirc  falu 
thefc  experiments,  does  not  amount  to  0,2  of  a  grain  of  muriate 
of  (liver ;  and  ought  not  to  be  regarded. 

From  thcfe  experiments  it  is  paft  all  doubt,  that  the  original  Hence  the  firft 
intire  liquor  did  not  contain  oxigenized  muriate  of  potalh.^"^'^.^*^^?"'^^ 
For,  if  fuch  a  combination  had  exidcd  in  it,  I  (hould  have  of  potaHi ;  hot 
obtained  a  fmallcr  portion  of  muriate  of  filver  in  the  firft  than^^^<*  diftinft 
in  the  fecond  cafe,  on  account  of  the  total  fcparation  into 
muriate  and  h)  peroxigenizcd  muriate  having  not  yet  taken 
place. 

We  are  not  howevet  to  conclude,  from  thefe  experiments.  Yet  it  h  poffible 

that  there  are  no  fuch  tilings  as  oxigenized  m  uriates.  Although  ^^^^*'** 

tlicy  cannot  be  exhibited  in  a  palpable  ftate,  it  is  eafy  to  de- 

monftrate  that  tJiey  do  really  exiil.     I  (hall  prove,  in  the  pro- for  example,  of 

per  place,  that  hyperoxigenized  muriate  of  ammonia  is  not*™"™**** 

an  incompatible  combination ;  and  mull,  for  die  prefent,  af- 

fume  the  datum,  in  order  that  I  may  dcmonftratc  the  necedary 

exiftencc  of  oxigenized  muriates.      Therefore:    If  muriatic 

acid,  or  if  hyperoxigenized  muriatic  acid,  be  brought  in  con* 

tafl  with  ammonia,  tlie  refult  will  be  muriate,  or  hyperoxigen** 

ized  muriate,  of  ammonia.     But,  if  the  acid,  difengaged  by  For  the  czigen. 

fulphuric  acid,  from  a  mixture  of  black  oxide  of  mane^anefe  **     *^}^  cande- 

'  '  /        ,  o  compofe  ammo- 

and  muriate  of  foda,  be  fent  through  ammonia,  both  are  decom-  nia,  and  the  hy« 

pofed.     Hence  it  is  evident,  that  the  acid  combines  with  the  ?««>«•  »"•  add 
alkalis,  in  tlie  ftate  of  oxigenized  muriatic  acid ;  and  that  the  ^y^]^  \f^f^  J^^  1^ 
reparation  into  muriate  and  hyperoxigenized  muriate,  is  pro- ^»^t /of"  ■  ^•'^  ' 
duced  by  a  fubfequent  a6lion,  among  the  elements  of  oxigen-  expciiment. 
ized  muriate  of  potafli . 

Upon  the  whole,  it  appears  to  me  fair  to  conclude, 
Iftf  That  the  (alts  of  this  genus  do  really  exift,  previous  to 
the  formation  of  hyperoxigenized  muriate  of  potaQi. 

2d,  That  the  affinity  exercifed  by  hyperoxigenized  muriatic  Oonfequencly 
acid  for  ammonia,  and  (by  very  ftrong  analogy)  for  the  other  Jhcrcrauft  have 
bafes,  is  much  greater  than  that  of  oxigenized  muriatic  acid,  muriate  firft,*and 
For,  hyperoxigenized  muriatic  acid,  as  (hall  prefently  be  (hewn,  *^'«  w»«  immc- 

having  a  much  more  powerful  adion  upon  all  combuftible  j^fonger  affinitj* 

N  '2  bodies,  fuccceded  by  th% 
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oiber  fik,  in-  bodics,  whether  limple  or  compound,  than  oxigenized  muriatic 
fttad(rfd(t«n.  jpjj  ;j  y/oM  be  natural  to  fuppofe  that  the  former  acid  would 
pauDon  enliuDg.  y    i 

acl  more  powermlly  upon  the  mllamraablc  element  of  ammonia. 
But  oxigenized  muriatic  arid  combines  with  llie  hidrogen  of 
that  alkali ;  which,  however,  is  not  decompofed  by  hyperoxi- 
gcnized  muriatic  acid;  vet  thcaflinity  of  hyperOsigenized  mu- 
riatic acid  for  ammonia,  i»  the  only  caufe  lliat  determines  the 
union  of  the  acid  and  the  alkali,  wilhoul  decompofition.  But 
Ihtffe  aHinilies  (hall  iie  more  fully  treated  of,  in  fpeaking  of  hy- 
fwiwcigenized  mariale  of  ammonia. 

ALKALINE  AND  EARTHY  HYPEROXIGENIZED 

MURL\TES. 

Gaicrit  Chara&erf. 


L 


Alk.  m'i  tarthy  Hyperoxigi^nised  muriates  are  formed  by  palling  a  current 
tuttt"*'  *"""  "'^  oxlg^nized  muriatic  acid  through  the  bafis,  diiToIved  or 
Gtmt'K  thirit-  fnTpendeJ  in  water,  as  in  (he  formation  of  the  la  ft- mentioned 
**"'  gcims.     The  firft  formation  is  owing  to  the  fcparalion  of  the 

(elements  of  on  oxigcnized  tnurialc,  into  hyperoxigenized  rau* 
rtate  and  (imple  muriate ;  from  which  latter,  they  may  be  fe- 
parated  by  chryllalliialion,  or  by  another  procefs,  ivhich  I  (hall 
mention,  in  treating  of  the  earthy  hyperoxigenized  muriates. 
By  fimple  tritoration,  they  fcintillatc,  with  noife.  They  are 
dc<.-ompofed  by  a  low  red  heat ;  and  give  out  a  confidcrable 
cjuantily  of  osigcn,  as  they  become  fimple  muriales.  They 
catiiKjt  be  brought  down,  by  any  means  that  I  have  tried,  10 
iltat  diininifherf  ftate  of  oxigcnizement,  which  would  conilitute 
osig'^nrzed  muriates.  They  inflame  all  combuftihie  bodict 
ftilh  violence,  as  is  well  knoi%'n.  They  are  folitble  In  water ; 
many  of  them,  in  alcohol ;  and  foine  are  deliquefcent.  The 
add  is  expelled,  with  particular  phenomena,  by  fulphuric,  ni- 
tric, and  murinlic  actdq,  without  heat ;  and,  a  liille  below  a 
boiling  heat,  by  phofphoric,  r)-»talic  tarlareous  cilric,  and 
arfynic  acids:  but  they  are  ttof  afted  upon  by  benzoic,  acelic, 
acetoot,  boracic,  prnHie,  or  carbonic  acids,  Thofe  vegetable 
tti-ids  which  are  powerful  enough  to  decompnfe  them,  give 
oni,  towardi  the  i^nd,  a  gas  of  apciuliarnaluri;,  ^vhidl  hiisnol 
fo  iiiach  fmcll  at  uxrgenized  muriatic  acid  gas,  but  which 
affca*  tlic  eyes  \a  an  extraordinary  manner,  and  promotes  an 
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ml  ratlicr  painful  fcctetiou  of  learv,  I  have  not 
yet  examined  ibis  gas,  a?  tlicte  was  invariublj'  an  inflainmalion 
of  liie  mixture,  willi  (^plofion  anil  rupture  of  ihe  vetTelij  al- 
nofl  AS  fuuu  ai  il  began  to  be  evolved.  When  pure,  the 
hypcroxigcaised  muriat^i  tlo  not  precipitate  any  of  the  me- 
tallic lalts,  ailiiongli  I  beliei/e  they  decompofe  fome.  The 
order  in  wliich  the  bafei  Teem  to  be  iUva&cA  by  ll^:  acid,  i;, 
pciUfh,  Ibcla,  b»rv[es,  tliontia,  lime,  ammonia,  magtiefia,  alu- 
mina, Glica.  The  ntli^r  earths  I  have  no)  tried,  and  ^Vl  (tw 
of  the  metallic  oxides. 

Pirjl  Species.     Hjiperoxigcnhrd  Muriate  ofPotalh. 

This  fait  is  the  beft  known  of  aU  the  feline  cowbinalions  of^'^^J^'  ""'* 
this  acid.  It  liai  been  crroncoufty  cunfidered  at  limply  uxige- 
nixed,  for  ill  acid  is  really  hyper osigeni zed.  li  is  Wuble  in 
about  itKCecn  parti  of  cold  water,  b^t  in  much  lefs  of  warm  ; 
and  is  ealiiy  feparalcd,  by  cry  Ha  Hi  za  lion,  from  muriate  of  pot- 
sill.  Alcohol  call  dillljlve  a  fmail  portion  of  il.  It  fcems  ca-  P/^fWr  e^P^" 
poble  of  esifting  in  more  flaies  than  one ;  lor,  in  palling  a  cur- , 
fent  of  oxigciiizcil  muriatic  acid,  i'«ry  lluwly,  and  in  the  dark, 
through  a  folutioii  of  potalli,  till  I'aluraled,  I  have  obtaiued 
flexible  and  (hining  nccdle-likc  cryllab.  This  leads  me  to 
filled,  either  a  hypcrosigcnized  muriate  of  potalh  with  evcefs 
pfqcid,  or  thai  acid  with  a  fuperaddilion  of  ovigen.  It  would 
be  fuperftuoui  to  enter  into  a  minute  defcriplion  of  a  fubdance 
li>  well  known  as  hypeioKigenized  muriate  of  potalli ;  bul,  it 
being  the  fubtlnnce  whence  1  have  chiefly  attempted  to  difen- 
gage  the  acid,  1  (hall  enter  into  a  particular  detail  of  the  adion 
pf  the  more  powerful  acids  upon  this  (alt. 

If  concentrate  fulphuric  acid  be  poured  upon  hyperuxigeii' Attempt 
iitcd  muriate  u(  poiafli,  a  violent  decrepitation,  fdiiietiHiei  f"" ^^f '^°  ]1  ^j 
rarely  accompanied  by  a  flalli,  takes  place.     A  thick  heavy  cd  lu  the  lilt, 
vapour,  of  a  greenilh  yellow  colour,  which  rifes  with  difficulty  Picgli«  *ipaiir> 
|q  the  top  of  the  velTd,  if  it  be  deep,  is  difengaged.     Tlie 
fmelj  is  not  aitogeiher  unlike  nitruuii  gas ;  but  it  is  peculiarly 
liftid,  »nd  iDay  be  compared  lo  (hat  which  is  emitted  by  brick- 
kilns, mixed  with  that  of  nitrous  ga-;.     It  dilfurs  mudi  from 
ox'igeniiied  muriatic  acid  gas;  the  latter  being  pungent  and 
penetrating,  the  otlicr  lieavy  and  opprellive ;  and  it  does  not 
produce,  at  Icalt  in  fu  great  a  degree,  the  catarrhal  fymptoms 
ffmfed  ^y  the  other.     At  the  biittom  pf  this  vapour  is  a  bright 
orange- 
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oraiige-coloured  liquor,  which  has  the  fame  fmcll  as  the  va- 
poiir.  This  is  theacid  contained  in  UieTalt;  and  I  have  proved 
it  to  be  hj'peroMigenized  muriulic  acid.  Bui,  although  the 
fait  froin  which  Ihe  acid  ts  difengagcd  be  pure,  the  acid  ilfelf 
is  never  fo ;  becaufe  the  very  aft  of  direngaging  it  eflefts  its 
decompofition,  and  fome  of  it  ii  convetled  into  oxigcnized 
nurialic  acid.  The  colour  oflilmus  paper,  on  this  account,  U 
generally  dcflroyed  by  the  liquor.  I  fay  on  (his  account,  be- 
caufe  I  have  fome  reafon  to  believe,  from  having  oblbrveil  ihis 
not  to  be  uniformly  the  cafe,  ihal  hyperoxigenizcd  mnriiitic 
acid  reddens  the  vegetable  blues.  However,  it  muft  be  confi- 
dered,  that  the  fulphuric  acid  ufed  to  difengage  the  hyper- 
oxigenized  muriatic  acid  is  Hill  prefent ;  and  we  can  draw  no 
certain  conclufion,  unlil  we  have  obtained  this  acid  free  from 
HeKproduui  all  other  fubftance*.  If  to  this  mixture  of  hyperoxigcrized 
ferauiciplofion. muriate  of  polafh  and  fulphuric  add,  heat  be  applied,  an  ex- 
ceedingly violent  explofiun,  with  a  while  and  vivid  flafh,  takes 
place,  before  the  liquor  lias  allained  the  lemperalutc  of  12.rl 
of  Fahrenheit.  In  order  lo  obtain  this  acid,  I  attempted  to 
diflii  500  grains,  in  a  glafs  retort,  in  a  wat<;r  bath,  wilb  ei-ery 
precaution  agaiiill  fuch  accidents  as  1  could  nol  but  in  fome 
meafure  expefl ;  when,  aim  oft  as  foon  as  I  had  kindled  the 
lire,  I  fnw,  in  the  bodom  of  the  retort,  an  extremely  white, 
vivid,  and  rapid  iladi,  which  was  immediately  followed  ty  a 
N>fr«iiv[  of  in  igjjj  report.  The  rclort  was  reduced  alraofl  lo  powder;  (o 
aatuK.  that  fcarcely  any  fragments  of  it  could  be  found  in  the  labora- 

tory. The  window.s,  and  feveral  glafs  velfels,  were  broken. 
1  happened  lo  be  holding  Ihe  neck  of  the  relorl,  al  ihe  moment 
of  llie  explnfion,  yel  re^'eived  no  injury,  except  a  ilighl  conlu- 
fion  in  the  hancl.  But  Dr.  Vandier,  a  French  gentleman  of 
I  confiderable  chemical  and  medical  talents,  to  whom  I  am  in- 

debted for  much  able  aflinancc  in  my  laboratory,  was  wounded 
il  placet;  particularly,  the  lunic-a  conjundiva  of  the 
eye  was  fu  lacerated,  thiil  a  piece  of  it  hung  down,  and,  by 
getting  under  the  interior  eyelid,  caulcd  the  molt  painful  irri- 
id  endangered  his  fight.     One  of  the  frontal  arteries 
alfo  was  divided.      I   relate  tliefe  circumllances  thus  fuUy^   as 
the  nioft  eflcflua!  means  of  putting  upon  their  guard  thofe  who 
:pc3t  the  experiment.     If  the  fulphuric  acid  be  dilute, 
heal  may  be  applied  will)  more  fafety;  and  the  phenomena 
ore  different.    The  liyperoxigenized  muriatic  acid. is  difen- 
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gskged  from  the  bafis;  but,  as  the  heat  requifite  to  diftil  the 
acid  is  more  than  lUfficient  to  decompofc  it,  oxigenized  muri- 
atic acid  comes  over  with  it;  and  oxigen  gas  is  collefled  in  the 
pneumatic  tub.  If  the  diflillation  be  continued,  the  fame  dan- 
gcr  arifes  as  in  the  former  cafe,  becaufe  the  fulphuric  acid  be- 
comes concentrated  ;  and  it  would  feem,  that  its  aftion  upon  • 
the  (alt  is  flight  and  partial  at  a  low  temperature,  but  violent 
and  indantancous  when  heated  and  concentrate.  I  could  not, 
therefore  hope,  by  thefc  means,  to  obtain  the  acid  difengaged 
and  pure. 

If  the  manner  of  bringing  the  fulphuric  acid  and  the  fait  into  The  fait  added 
contaa  be  reverfed,  and  the  fait  be  dropped  into  the  acid,  the^°  ^^*  *^'^^' 
yellow  vapours  and  the  orange-coloured  liquor  are  produced^ 
but  generally  without  decrepitation.  If  they  be  allowed  to 
remain  fome  days  in  conta6t,  the  vapours  continue,  and  oxigen 
gas  is  conftantly  difengaged,  even  in  the  common  light  of  the 
day,  and  at  the  temperature  of  the  atmofphere.  By  cooling  the 
fir  ft  receiver  with  ice,  I  thought  that  I  had  once  obtained  this 
acid  cryftallized  in  the  form  of  four-fided  pyramids,  of  an 
erange  colour.  But,  though  I  really  believe  this  to  have  been 
the  cafe,  I  do  not  pofitively  affirm  it. 

Nitric  acid  produces  nearly  the  fame  phenomena ;  but  the  Nitric  add  ap- 
fmell  and  other  properties  are  rather  lefs  diftindl  and  marked,  ^ 
than  with  fulphuric  acid. 

Muriatic  acid  docompofes  this  fait,  and  unites  to  its  bafis  5  Muriatk  add. 
but  neither  the  yellow  vapours,  nor  the  orangcrcoloured  liquor, 
are  produced.  The  circumftances  which  attend  the  contact  of 
the  acid  and  the  fait,  are  as  follows.  If  no  more  muriatic  acid 
be  prefent  than  is  merely  neceifary  to  decompofe  the  fait,  I  do 
not  doubt  that  hyperoxigenized  muriatic  acid  will  be  driven  off, 
as  little  decompofed  as  with  the  other  acids,  fuppofing  the  a6lion 
to  be  indantaneous ;  but,  during  the  contact  of  thcfe  two  bodies, 
the  acid  expelled  mud  meet  muriatic  ^cid  not  yet  combined, 
anc),  uniting  with  it,  always  forms  a  portion  of  oxigenized  mu- 
riatic acid.  The  quantity  of  the  laft  acid  muft  vary,  according 
to  the  quantity  of  muriatic  acid  employed,  and  not  combined 
with  the  alkali.  Jt  was  by  this  method  that  Mr.  Cruickihank 
obtained  the  murfatic  acid  gas,  which  he  flated  to  contain 
43,5  per  cent,  of  oxigen. 

Phofphoric  and  arfenic  acids  do  not  a6t  upon  this  fait,  till^'^^^A^^^ce* 
heated  with  it ;  and  then  much  oxigen  gas  is  evolved.  Thefe,  ^^oxigeo  by 

therefore,  heat. 
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therefore,  aSitrd  no  betlcr  mclliod  of  direiigaging  iiyperoxige' 
nized  nuriatic  ai:i(I  williout  decoiu  poll  [ion. 

;-]  Ox&lic,  tartareouK,  and  cilric  acids,  b£1  as  I  bi;fore  menllMi- 
ed  ;  and  Ihe  hj'peroxigcnized  muriatic  acid  holds  its  place,  in 
Ific order  ofaflinilies  for  polafti,  iromedialely  before  llie  benzoic. 
I  lliall  not  flop  [o  detail  a  number  of  aniuling  phenomena 
that  may  be  produced,  by  projefling  into  tlie  llronger  acids, 
mixtures  of  corobullible  bodies,  whether  metallic  or  not,  and 
hjperoitigenized  muriate  of  polafh.  Tiiecaufcof  theni  is  well 
underflood,  and  the  theory  points  thi'm  out ;  they  are,  tlieTc- 
ibre,  no  longer  objcfii  of  philofophical  admiration.  But  I  mufr 
mention  one  experiment,  tvhich^had  Jtfucceeded,  I  (Iiouldbavo 
thought  important.     I  projefled  various  mixtures  of  very  mi- 

'°  nutely  pulverized  dtainon<!  and  this  fait,  into  the  difTerent  acids; 
but  found  the  diamond  undiminiflicd,  by  every  attempt  to  com- 
bine it  with  o\igen  in  the  humid  way  *. 

u-  Another,  but  imponderable,  purl  of  this  fait,  asiiKleed  of  atl 
hyperoxigenized  muriates,  feems  lo  be  an  I'xlraoiilinary  quan- 
tity ol  caloric,  For,  during  tlieir  formation,  fcarcdy  any  heat 
is  difengaged,  as  by  otlidr  acids )  and,  very  little  heat  applied 
to  the  falls,  gives  the  gafeou^  form  tollieit  oxigen. 

An  opinion  has  prevailed  among  fome  ingenious  chemifis, 
that,  from  a  tuixlure  of  tliit  faft  with  fulphiiHc  acid,  nitrous  gai 
Ed  tiamdiii'^  difengagcd,  and  fiilphale  of  lime  ibrmed  in  the  rotorl.  But 
^''  this  is  a  mifiake,  ariling,  on  the  one  hand,  from  tlie  fmell  and 

vapgurof  the  hyperoKigetiieed  muriatic  acid,  and,  on  die  other, 
from  fulphaleoflead,  which  the  common  fulphurie  acid  of  this 
country  frequently  contains  in  fulution,  and  which  is  precipi- 
tated from  it  by  vt  aler.  Befc»re  wc  aflert  a  faft,  we  Diould  be 
well  alTurcd  of  tlie  purenefs  of  our  chemical  agenli.     This 


*  I  mutt  confcfs,  that  the 
mixture  of  this  Talt  and  comb 
pear  to  me,  in  fame  meafure, 
t.Eonh»di,  Ri*hler,  Gicn,  £ 
ory  which  regards  the  emiHio 
tcllimony  in  favour  of  their  r 
Tegclable  kingdom.   All  plants 
are  merely  muciliginoue.     Bu 
without  the  tmhTi'in  of  light. 
diicngaged  from  oxigen  ;  cllc, 
by  other  combuliiUt  bodice  I 


mi  flaflirs  of  light,  emitted  from  the 

Hible  bodies  thrown  into  an  add,  ap- 

lo  prove  the  modijicalion  propofed  by 

.  to  tint  p.irt  of  the  Lavoificrian  thc- 

of  light  during  comhuftion.  Another 

modiUcation,  may  be  drawn  from  the 

s  growing  in  pi  acta  deprived  of  light, 

the  mucilage  of  ihrle  plunti  burn* 

Light,  therefore,  appears  not  to  be 

vhy  not  by  this  mucilage  ai  well  as 

fuppofcd 


0-lSBAVATH>N8    ON    MURIATIC    ACID*  |9tj| 

fuppofed  converfion  of  p^ariatic  or  hyperoxigenized  muriatic 
acid  into  nitrous  gas,  will  not  pois  for  a  decompofition,  or  a 
tranfmutation,  of  tliat  refraflory  radical ;  and  the  idea  of  the 
change  of  potafh  into  lunc,  is  as  erroneous  as  fome  other  laCe 
aflertions  refpe^ing  the  decompofition  of  the  alkalis. 

The  proportions  of  this  fait  are,  as  I  before  ftated,  CompoiiMt^trti 

TT  •        •     J  •  .•         -J  too  of  hyp.  ox.  Mttr: 

Hyperoxigenized  muriatic  acid  -         38,3  ofpotaih. 

Potafh  -  -  .  -         39,2 

Water    ...  -  2,5 


100,0. 

Second  Species*     llyperoxigeaized  Muriate  of  Soda, 

This  fait  is  prepared  in  the  (ame  manner,  and  with  the  fame  Hyper  ox.  mnr* 
phenomena,  as  the  former.     It  is  extremely  diflicult  to  obtain  Sl'^'r.-    , 

r  .-,.,..  Very  difficult  to 

it  pure,  as  it  has  nearly  the  fame  degree  of  folubility  in  water  befeparated,  be- 
as  muriate  of  foda.     It  is  foluble  in  three  parts  of  cold,  and  ^?"/«  of  ^he  little 
lefs  oi  warm  water ;  and  is  lllghtly  deliquefcentJ     It  is  foluble  lubUity. 
in  alcohol ;  but  this  property  alone  is  not  fufficient  to  enable  us 
to  obtain  it  free  from  the  muriate  of  foda,  formed  along  with  it 
in  the  entire  liquor ;  as  the  latter  fait,  contrary  to  tlie  aflertions 
of  all  authors,  is  foluble  in  alcohol,  and  fcems  to  be  much  more 
fo,  when  accompanied  by  the  hyperoxigenized  muriate.     }i  Obtained  by 
was  by  taking  a  large  quantity  of  the  entire  fait,  formed  by  *J^bol|**"'  '* 
fending  a  current  of  oxigenized  muriatic  acid  gas  through  a 
folution  of  carbonate  of  foda,  and  repeatedly  crydailizing  in 
alcohol,  that,  with  great  difHculty,  I  obtained  a  little  pure  hy« 
peroxigenized  muriate  of  foda.     It  cryflallizes  in  cubes,  or  in 
rhomboids  little  different  from  cubes«     It  produces  a  fenfation 
of  cold  in  the  mouth  ;  and  its  tafle  is  eafily  diflinguifhed  from 
muriate  of  foda.     It  is  dccompofed  by  heat,  by  combufiible 
bodies,  and  by  acids,  in  the  fame  manner  as  the  former  fpecics; 
and  the  acid  holds  its  place  for  foda,  as  for  potafh,  immediately 
bef<>rc  the  benzoic.     The  baiis  is  feparated  by  potafh  only. 
This  (alt  is  compofed  of, 

Hyperoxigenized  muriatic  acid  -         66,2  Componeat 

Soda  -  -  .  .         29,6  P'^**' 

Water    ...  -  4,2 


100,0. 
(Vie  Remainder  in  our  next.) 


VIII.  Defcription 


VIII. 


1 


Dejiription  aftlie  Indian  Ha»d  Mill.     From  n  Correffmndent. 

|J_  A  HE  Indian  hand  mi)],  [ike  moll  olher  liiiliau  inventions, 
is  chafaflciifed  by  conlijurable  fimplicity  a^d  elTeCt.  Us 
cheapncfs  and  ils  general  iitility  are  fucli,  tlial  the  mcaaell  hut 
in  India  is  never  wiiiiout  one.  The  whole  of  the  grain  ufcd 
by  the  natives  of  India  \%  ground  in  thefe  milli,  and  cliielly  by 
Ihe  women,  who  appear  to  execute  the  talk  with  alloniHiing 
eafe.  A  woman  will  continue  grinding  with  this  mill  for  fe> 
veral  hours,  and  in  lliis  lime  (he  will  reduce  a  very  coiilide- 
rable  ([uantity  of  grain  intu  flour, 

Dcfcripilon.  The  mill  is  compofcdof  two  circdar  flones,  an  upper  and 

an  under  one,  eatli  about  two  leet  in  diameter,  and  '2 1  inches 
in  thicknel's.  The  quality  oF  the  flonc  nearly  refembles  that 
of  our  common  mill  Hones. 

Figure  inJ  fit-       The  uppcr  face  of  the  under  ftoni;  is  dreffed  perfeflly  Hat. 

™B^°f'''"'"^"Afmallhole,  of  nearly  an  inch  in  diameter,  is  funk  in  the 
center  of  tliis  Jlone  :  this  hole  is  fitted  with  a  plug  of  hard 
wood,  iirtnly  driven  into  il,  which  contains  q  fmall  lleel 
gudgeon  or  pivot.  The  fiirface  of  this  wooden  plug  is  Iliglitly 
elevated  abo\'C  the  face  of  ihu  Hone,  and  llic  gudgeon  projecls 
bbout  half  an  inch  beyond  it.  This  gudgeon  fits  into  a  liole 
in  the  middle  ofa  ciols  bar,  or  flat  piece  of  iron,  eight  or  nine 
inches  in  length,  about  j  of  an  inch  in  breadth,  and  \  of  an 
inch  in  thicknefs  :  the  ends  of  Uiis  crofs  bar  are  let  into  iioichc; 
in  thu  upper  Aone,  and  it  thu&  forms  accntec  on  which  llm 
upper  flone  may  revolve, 
la  upper  ftone.  The  lower  face  of  the  upper  fione  is  drelTed  pertefily  flal, 
10  correfpond  witli  the  upper  face  of  the  under  Hone.  This 
(lone  i«  !2|  inches  in  ihickiieft  at  the  edges,  but  it  has  a  pro- 
jefiion  of  nine  indies  diameter  in  the  middle,  at  which  place 
it  \i  five  inches  in  thicknefs.  Tlie  (lone  is  pierced  in  the 
middle  by  a  hole  of  fix  inches  in  diameter,  which  ferves  as  a 
hopper  to  lun lain  the  grain.  In  the  upper  face  of  tliis  ftone  a 
hole  is'lunk  near  the  circumference,  in  which  bole  4  wooden 
handle,  about  fix  inches  in  length,  is  firmly  driven.  By 
means  of  this  handle  the  flone  may  be  made  to  revolve  on  its 
gudgeon  with  confiderable  facility. 

The 
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The  projedtion  of  the  wooden  plug  in  the  under  ftone  in  How  the  finc- 
M^hich  the  gudgeon  is  inferted  is  fo  regulated  as  to  keep  the  ".^^ui^tg^.  ^^^ 
ilonesat  the  proper  diftance  for  forming  the  finefl  flour  :  if  a 
coarfer  fort  is  wanted,  it  is  readily  obtained  by  placing  one  or 
more  flips  of  paper  or  card  in  the  notches  of  tlie  upper  flone, 
between  the  crofs  bar  and  the  ftone. 

The  under  ftone  is  ufually  placed  on  the  earthen  floor  of  the  t-ocal  fituadoa 
hut,  which  is  previoufly  beaten  and  fwepf,  or  otherwife  it  jgO^P^  *"<>"• 
placed  on  a  cloth  fpread  on  the  floor.    As  the  grain  is  reduced 
to  flour  it  efcapes,  togetlier  with  the  bran,  at  the  circumfe- 
rence of  the  ftones^  and  is  collected  on  the  floor  or  on  the 
cloth. 

§ 

I  would  fuggeft  as  an  improvement  of  this  Ample  machine,  Improveroento 
the  forming  the  crofs  bar  with  three  claws,  which  would  give  f^BScftcd. 
three  points  of  bearing  inftead  of  two,  and  confequently  ren- 
der the  upper  ftone  more  fteady  *.  I  would  alfo  fuggeft,  that 
the  block  of  wood  which  contains  the  gudgeon,  fliouid  pafs 
completely  through  the  under  ftone;  thus  it  might  eafily  be 
adapted  to  the  rcquifite  height  by  a  few  blows  of  the  mallet, 
^ould  it  be  thought  necefiary,  the  ftones  might  be  enclofed 
in  a  drum,  and  fitted  on  a  ftand. 

Explanation  of  the  fketch,  Plate  X.  Reference  to  dit 

Ffg.  1 .  Reprefents  the  lower  face  of  the  upper  ftone.  figures. 

Fig.  2.  Reprefents  the  upper  face  of  the  fame. 

Fig.  3.  Is  an  elevation  of  the  mill. 

Fig.  4.  Is  a  fedion  of  the  mill. 

n,  Is  the  crofs  bar,  which  is  reprefented  with  three  claws. 

b.  Is  the  handle  by  which  the  upper  ftone  is  turned. 

c.  Is  the  fteel  gudgeon  on  which  the  upper  ftone  revolves 
by  means  of  the  crofs  bar. 

d.  Is  the  fraall  block  of  hard  wood  in  which  the  gudgeon  is 
fixed. 

*  It  is  likely  that  this  f^eadinefs  would  do  harm.  The  totter  in 
all  probability  anfwers  the  fame  purpofe,  of  pounding,  as  the  vertical 
dancing  motion  of  the  upper  mill  ftone  upon  the  fupport  of  its 
pivdty  of  which  Defaguliers  has  given  a  very  rational  account. 
X^ures  II.  428. 


IX.  An 


J 

« 

An  E^ft&  hitherto  unpubUJked,  hy  which  the  txvo  EU6tricities  arc 
dij^ingui/hed.     In  a  Letter  fvoitk  Mr,  JohnCuthb^i^i.tsok, 

To  Mr.  NICHOLSON. 
Dear  SiRj 

LettiiVi  V^N  reading  your  note  refpe^ing  the  iuftruments  by  w^i^^h 

the  two  kind$  of  eledlricity  are  difllngutflied,  or  its  dire6lipn 
afcertained,  it  brought  to  my  mind  an  experiment  which  I 
made  with  that  view  in  the  year  1777  in  Holland  ;  I  believe 
it  is  not  known  here,  fo  perhaps  you  may  think  it  worthy  of  a 
place  in  your  valuable  Journal.      ; 

I  am. 

Dear  SIR, 

ypur's  refpe6lfully, 

J.  CUTHBERTSON, 

Poland  Street,  Soke,  0&.  19,  1802. 

Experiment.  A  INSULATE  two  wires  furnifhed  at  each  end  with  a  metaf 
Sro*Wl$'in*Sbe  ^^  of  about  J  of  an  incli  diameter,  connedl  one  with  tlie  pofi- 
oppofite  ftates  of  tive  conductor,  and  the  other  with  the  negative  conductor  of 

elearicity  has     ^^  ele6lrical  machine ;  ki  them  fo  that  their  balls  may  be  at 

its  flame  much  ,*         •     i         j-n 

agitated,  and      about  fouf  mchcs  diltance,  place  between  then)  a  commor^ 

^."^*«°«8*-  fized  lighted  candle,  with  the  center  of  its  fl^me  nearly  upon 
a  level  with  the  centers,  and  at  an  equal  diAance  from  ear^i  j 
if  the  machine  be  put  in  motion  the  flame  vvill  waver  very 
much,  and  feems  rather  more  to  incline  to  the  negative  bail 
than  to  the  pofitive  one,  but  is  very  equivocal :  continue  turn- 
ing (if  the  machine  be  a  plate  of  two  feet  diameter)  about  50 
revolutions,  then  the  negative  ball  wilt  begin  to  grow  warm, 
and  the  pofitive  ball  remain  cold  ;  if  the  revolutions  be  multi- 
plied lo  200,  the  negative  ball  will  be  too  hot  to  be  touched, 
and  the  pofitive  remain  as  cold  as  at  the  beginning. 


X.  Palpable 


X. 

PoXpable  MathefnaHts ;  or  Methods  (f  writing  atut  cakutating 
for  the  Ufe  of  the  Hind.     By  ].  B.  Bkr  ard.  • 

i^lTIZEN  HiUy  having  compairfed  thfe  methods  of  writing  Citiien  Hatiy^ 
and  calcttlaHng  of  feveral  celebrated  blind  men,  has  ^'g^fte<*ihebli^d*^*2 
into  a  body  of  doftrine  the  beft  prodoftions  of  experience  in  wricing,  Ac 
this  art.     He  has  compofed  a  fydem  of  inflruAion,  and  has 
defcribed  the  inftruments  proper  to  be  ufed  in  this  operation  : 
fltndlve  truly  deferves  wdl  of  humanity,  who  inc:rcafes  the  mefeins 
of  cJomttinriication  between  fociety,  and  a  clafs  of  men  who 
feetn  to  hacve  been  excluded  from  it,  and  to  have  been  con- 
d«lftmefi  to  lead  an  unhappy  life,  ufelefs  to  others,  and  wi(h« 
oat  elijoiyment  to  ihcmfelves. 

Having  been  nay  felf  deprived  of  fight  (ince  (he  age  of  twenty- The  author  it 
tfiree,  tneditation  and  experience  have  grve^  me  the  unhappy'Wind. 
right  of  treating  upon  the  art  concerning  which  he  has  wYitten. 
I  here  give  fome  obfervations  which  may  not  be  entirely  ufe« 
le(s  to  fociety. 

ARITHMEnC. 

The  method  by  which  the  celebrated  Saunderfeh  calculated  ProfeiTor  Saun* 
IS  .well  'known ;  however  ingenious  it  may  be,  it  does  noi^V^°^*  method 

.  f.  of  computing 

feem  to  me  to  be  the  bed ;  I  obferve  two  principal  defedls  in 

it. 

He  ufed  frnaU  fquare  pieces  with  nine  holes  in  each :  the  by  (^atm  to  4e* 
tlie  pofition  of  a  pin  in  one  of  thefe  holes  denoted  one  of  the**^^**  **V^* 
nine  figures.     It  is  therefore  necedary  to  have  as  many  of 
thefe  fquares  as  the  operation  requires  of  figures  orcharaflers : 
and  we  mufl  employ  an  extended  fpace  for  a  very  £ro pie  cal-' 
culation. 

In  the  fecond  place,  this  method  of  calculating  being  ^n*  reqalred  a  great 
tirely  different  from  that  of  pcr(bns  who  can  fee,  they  cannot [***"'  *^^  '*"*'' 
under  (land  the  particulars  of  it ;  this  is  a  confiderable  incon- 
venience, becaufe  it  dcflroys  all  connexion  bet  ween- (lie  blind 
and  thofe  who  operate  by  fight. 

The  method  which  appears  to  me  the  beft,  confifts  in  em-It  isbntcrto 
«loyine  characters  reprefentiner  figure*;,  and  arrangiop  tlieni  «^|"P^« «» 
nebrty  as  they  are  competed  m  printmg. 

*  Melanges  Phydco  Mathematiques. 

ALGEBRA. 
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ALGEBRA. 
Tlie  bed  method  ol'  writing  algebra  appears  to  me,  Iik« 
that  of  arillinietic,  lo  conGA  in  compoUtig  in  Uic  manner  oi' 
prinLers,  Willi  this  dilTerence,  that  llie  charaflers  are  a  little 
larger,  and  muft  be  read  from  left  to  fight.  This  proceG  has 
the  iiiiporlaiit  advuiilage  <>('  enabling  readers  by  fighl  lo  peruftf 
and  c;;amine  the  culculalioiis. 

GEOGRAPHY. 

Kify  nwthnd  of      Tlicte  is  but  OHO   method  of  ufing  geographical   maps  and 
fctming  uiiEiblcLiie  globes  :  it  i«  fimple  and  eafy.     A  I'mall  firing  (ff  tliread  is 
'  pa/Ted  on  all  t!ie  winiliiigs  or  outlines  ol'  Ihf  map.     The  rivers 

and  mountains  are  diltingitiitied  by  dificrenl  threads.     Grains 
or  prominences  of  different  fizf  a  and  Hiapes  are  palled  on  the 
Tiuliiptying  towns  and  oilier  remarltable  places^  Sic.     With  one  of  thefe 
'■  maps  others  may  be  prfKured  bj  tlie  prefs,  in  which  the  out* 

lines  will  be  raifed  into  lelief. 

MUSIC  AND  BOOKS. 

If  booth.         Citizen  Haijy  has  conipofed  irullt:  books  for  the  ufe  of  Uie 

eOabliflimeut  ol'  ihe  Huiiizi-  i'iiigls  at  Paris,  the  charaflers  of 

M'hich  project,  ur  are  embolTed:  this  method  is  without  doubt 

iilcfitl,  but  it  in  fcaccely  applicable  but  lo  great  ti^undations, 

WRITING, 
dngonpi-       Citizen  Hauy's  inelbod  confiilj  in  ufiiig  an  iron  pen,  the 
T"^*.^'""'  point  of  which  is  not  fplil  j  by  writing  without  ink  and  prcf- 
ling  on  a  llrong  paper,  the  blind  man  prodaces  a  chara3er  in 
relief,  which  he  can  immediately  read   by  paffing  his  fingers 
«ver  the  projecting  charaflcrs  on  the  oppofite  tide  of  the 
paper,  in  the  contrary  direction.     This  relief  is  futhcient,  pro- 
vided a  foft  furliiLe  be  placed  under  the  paper,  fuch  as  lea. 
ther,  blotting  paper,  &c- 
t-      In  order  to  wrilt:  in  a  nraighl  line,  a  frame  is  put  on  the 
paper,  having  a  number  of  brafs  wires  acrofs,  parallel  to  the 
direflion  of  the  writing,  at  the  dillance  of  about  three  quarter* 

His  method  of  writing  in  relivfltas  this  advantage,  that  the 
blirid  can  read  what  they  have  written,  after  a  little  practice  ; 

but 
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but  it  haj  the  mconx'enience  of  preventing  perfoni  that  can  fee 
from  reading  it,  unlefs  they  have  alfo  pra^ifed  the  fame  me- 
ihwt*. 

A  black  writing  may  likewife  be  obtained  with  this  iron  pen.  Haw  to  make      i 
by  placing  on  Uie  writing  paper  anfltlier  (lieet  done  over  witbj^^'  wriiing  vijr>  \ 
hogs-iard  and  ivory  black,  covered  again  by  another,  through 
which  the  letters  are  traced.     The  ini:onveniencc  of  this  me- 
thod h,  that  the  blind  cannot  read  what  ihey  have  written. 

Inftcad  of  the  frame  witli  parallel  threads,  1  employ  a  board 
which  has  feverol  conveniences. 

This  board  is  about  10  inciies  in  breadth,  and  16  high ;  on  A  mnre  ton*e- 
thc  left  fide,  and  near  half  an  inch  from  the  edge,  there  is  aJJ^'^J  ^  '<" 
fmall  dnve-t^Ied  groove  iroin  top  to  boiiuni.  A  rule  three 
quarters  of  an  inch  wide,  and  41  long,  Hides  in  this  groove 
by  a  piece  fo  formed  as  to  (it  the  groove.  Another  rule  live 
eighths  of  an  inch  wide,  it  fixed  perpendicularly  to  the  lirfl 
rule  in  the  form  of  a  T,  and  ferves  very  conveniently  lu  di- 
refl  the  little  finger  of  the  hand  that  writes.  Lafily,  the  kft 
fide  of  the  board  is  divided  into  notches  almofi  half  an  inch 
diflant  from  each  other :  (his  being  done,  tlic  following  U  the 
method  of  writing  : 

The  paper  k  placed  under  the  long  rule,  and  a  fiiflened  by  Mcchad  of  mic 
two  fcrews  eafy  to  be  imagined,  which  prefs  it  againfl  Uie '"'(*'''' ">!=■ 
board  :  the  writing  is  performed  by  keeping  the  hand  lightly 
over  the  rule,  the  little  linger  being  behind.  The  rule  is 
fliiftcd  from  line  to  hue  very  readily  by  llie  left  hand,  the 
thumb  being  applied  to  leel  the  notches.  At  the  linilli  ot 
every  line  ink  is  dipped  or  taken  (in  a  filver  pen  formed  in  the 
u£ial  method)  out  of  a  broad  flat  velTel  conJlantly  conlaining 
ink  to  the  depth  of  between  one  eighth  and  one  quarter  of  an 

By  this  proccfj,  the  lines  may  be  written  as  near  each  oilier 
as  may  be  required.  The  rule  direfts  the  hand  belter  than  a 
wire,  which  is  too  flexible,  and  not  broad  enough.  When, 
after  difcontinuing  writing  the  writer  is  defirous  of  proceed- 
ing, the  rule  indicate;  the  point  to  begin  from,  &c. 

"  If  ihe  piper  be  rubbed  with  pumice,  or  have  fori';  taniiy 
powder  in  th«  Ck,  and  »  blunt  point  ef  hard  pewter  be  ufcJ,  ilie 
lellcr*  will  be  neat  and  vilibIc.---N. 


rs^ 


I  DeTideratun 
I  «ifibk  md  t 
1  jpblc  ink. 


INK  IN  RELIET. 

a  It  would  be  a  very  ufct'ul  inrenlion,  if  an  ink  could  he 
loFincd  which  in  coming  from  the  pen  fliould  leave  a  marie 
(bat  would  projrft.  Tbh  ink  would  have  the  double  advan^ 
tage  of  enaHing  the  blim)  and  thnfc  who  fee  (o  read  at  the 
fame  lime  writing,  the  figure'  ofarithmefic,  (he  charaflers  of 
algebra,  Btid  (be  nolesof  tniilic.  I  have  not  yet  thought  of 
any  fatislaOor)'  expedient  for  this  purpofe,  and  ftiall  not 
Iherdbrc  eiiier  into  any  further  detail. 

GEOMETRY. 

SiorJcifon't  Saunderion,  in  orderto  conrtrufl  geometiial  figures,  placed 

incchaii  of  tiirm-  j^  •  htici  made  in  a  board,  and  pafled  threads  irom  one  pin 
fi^uKi  wiih  [lins  to  another.  My  method  appears  to  be  preferable  in  ei-ery  re- 
"'*'''"*'>■  fpeft  J  it  is  thii :  with  four  fuies  of  wood  I  have  conftrufted  » 
tbod ;  by  i»ir«  (ramc,  the  length  of  which  h  about  20  inches,  the  breadth  IG, 
ooiflitcui]iion.(|i,j  ihiL-kneri  three  qnarteri  ol'an  inch.  !  have  covered  the 
two  faces  with  wootien  cloth  rolher  open  and  foft,  and  havefiHed 
the  intermediale  fpace  with  other  loofe  and  foft  woollen  cioth, 
fo  as  to  form  a  dal  culhion  tliree  quarters  of  on  inch  thick. 

t  hawvery  Tmall  Iron  wires,  bended  at  right  angles  at  tKc 
two  ends,  which  are  pniiitedand  poliflied.  i  Thefe  iron  wines 
arecafiiy  fixed  in  the  cufliton,  and  form  lines  in  relief,  whidi 
nothing  can  derange.  J  have  an  afforttnenl  of  all  lengths,  as 
well  as  ch-cles,  fenit-cirdes,  parabolas,  ellipfes,  Brc.  Laftly, 
1  have  letters  in  relief,  with  a  point  in  order  fotiK  them  on  the 
cudiion. 
,  By  means  of  this  liille  appwafus,  there  is  no 'figure  in  geo- 
metry, however  com]7licated,  but  may  very  fpecdily  be  re- 
'   prefentcd  In  relief. 

We  might  likewifc,  and  with  advantage,  life  Uiis  cu/hion 
for  making  lignres  with  pint  and  thread* ;  but  this  method, 
though  better  than  that  of  Saunderfon,  is  not  fo  good  at  the 
iron  wires  here  defcribed.  Experience  Ji  decifive  in  this  re- 
fpecl. 
f  It  is  eafy  to  perceive  that  the  above  method  is  llkewile  th« 
beil  for  the  notes  of  mafic  ;  but  the  limits  I  b»vc  adopted  will 
not  allow  me  to  enter  into  fiirtlier  details. 

XI.  Oljtrvatiom 


ON   TUS    KATVBt  OF    PRECIi-ITATIt.  X9St 

xr. 

^^/hvatiom  on  the  real  Nature  (if  the  Prciipkata  formed  by  the  J^ 

Prtfffiata  in  Acid  Solutiom  rf  Barites,  and  the  ^fmitia  qf  tin  ^| 

,Pr«^Acid*.     Sj-CitiibnGvvton.  Tj 

KERGMAN  announced,  lha[  the  acid  folutioi 
precipitated  bj- the  laturated   Priiffian  alkali.     Tliis  ^fl.  ^"__ 
ifamfinncd  by  the  obfervalions  of  a  great  number  of  chemifti,  fidend  u  in  in- 
jlppearcd  lo  many  as  a  new  indication  of  its  metallic  nature,  ^jj"^  ^^j'" 
already  fufpe^ed  on  account  of  its  great  weight.     Lavoifierin 
~  Vticalar  thought  it  very  probable,  that  the  difficulty  of  re- 
ducing it  (oLhe  metallic  tlate  proceeded  from  its  ha^'ing  more 
■fcffinity  with  oxigen  than  carbon  f . 

The  little  fuccefs  of  (he  allcmpts  to  eSc&.  this  reduflion  Thii  noiiiHi 
tin  fomcmearurecaufedthc  notion  of  thi?  compofition''^'''""^' 
;lo  be  abandoned,  the  attention  wai  again  Jixed  by  the  pheno- 
n  of  the  precipitation  of  an  earth  by  a  re-agent,  which 
tecording   lo  the  generally  received  opinion,  aflbrded  a  rha- 
hfieriltic  indication  of  the  prefencc  of  a  metal .     It  was  then 
fcfpcfled  lo  b«  Owing  to  fome  awidenta!  taufe.    M.  Meyer  snJ  dw  predpj, 
T  Stetin,  announced  in  1786,  in  Crell's  Annals,  thai    tlie"^™ '"'P^" 
ilrnlliatc  of  polalh,  if  very  pure  and  carefully  prepared,  did 
tot  precipitate  baritcs  from  its  folutions.     Kirwan  and  Klap- 
toth  adopted  this  opinion  from  their  own  experiments.     MoS 
"Vmiffs  however  continued  to  believe  that  the  precipitation 
sole  place,  whale\-cr  might  be  the  means  of  purification  of 
e  proof  liquor.     Pelletier,  amongft  others,  fuppofed  it  one 
(f  ihe  inofienential  diftinftive  charaflers  of  barites  and  flron- 

Some  time  ago  being  dcfirous  to  try  a  prufliate  of  lime  le.  CirWitc  of 
ntly  prepared  with  lime  of  marble,  and  very  clear,  I  poured  P""**  ^'!^'^''— 
Co  it  a  rdiilion  of  carbonate  of  polafh.     The  liijuor  inflanily  Wmt, 
line  milky  and  opake.     As  ii  is  certain  that  no  mclailic 
was  prefcnt,  I  could  only  attribute  thi«  decompolt- 

*  Read  at  the  litiing   of  the  dafs  of  Philofopbical  and  Miihe- 
■dol  Seiencei  of  the  Inftiiulf,  the  2d  Thcrmidor   in   the  year 
10,  and  infcrtcd  in  the  Annates  de  Chimie,  XLIIl.   1IJ3. 
t  Trailf  Eiementalrc.  ic.  Vol.  I.  p.   174. 
{  Mem.  de  Chimie,  Vol.  II.  p.  VA. 
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by  lioublc  a£-    lion  lo  acbangt:  urbafi;  nrihe  two  falls  l>y  double  alliiiity.      I 

""'■  tlieii  purpofed  lo  examine  whether  liiis  uiiglit  nol  be  abfoluteljf 

the  l^me  phenoincijOLi  whicli  liad  givun  rife  to  the  rufpicionol' 

*   the  metallic  oaturc  of  barites. 

Mr,  Henry'i  ]  was  anticipated  in  ihefe  rcfearclies  by  Mr-  W-  Henfy, 

ftom"  he  philof.  ^^  ''^^  fiicceeded  ill  plating  this  point  of  theory  in  ttie  dearcR 

Jwwwk  ^'g''^  •  I  "'*"  repeat  iii  a  few  words  iJie  experiu»en*i  tbut  [etj 

-  hinilok,  and  whidihf  pubJiHicdJ^i Mr.  Nicholfqn's Journal*; 

^;,  ;Y  '  afii^r .whit.'l)  I  Diail  nwU-  fotni-'  rpUeflioris,  upuu  oneof  tlictQn-, 

i;  1         -    feqiLcnt^cs  lie  tjeduced  Iroiji  lli^ii,  whlcli  appears  to  me. fo  rC; 

*"■""■■"■       quire  amend  me  nl.  V, 

PraflUtcnf  bi-    .  ,^r,  Henrj'sfirR  olyecl  was  (.licdited  copipaftlicn  pfpr^fs 

ntH  formcii,      ti^tppf  bttfites,  iiiofdai  lo  obtain  a  pcrftscUj-  pwK  iirufliale  pf 

potafh  :  the  following  ij  hit  procefi,  whitii  lie  atUijus  iliMt  Imjj 

^  ,    .   '  -  c^ried  Iiilo  nHqfl,  and  w^s  luggelled  ti;  liiin  bf  <jl(lv('viji£^lio 

decoHifofitioTi  uTlJie  lUl.phalo  ^jid  caxboiiple  i>f  polaQil;^  Ijiu 

ptuJiiatc  c(f  bitf^^i.  ■     , 

fcj  talcimng  the      He  calcines  ill e  carbonate  o/batiiei;  .lit-  iliirolvw  tiiiseartb, 

ritw'^diVolvl'n" '"  ''''''''(B  w**'^''  I""!  '^'^^  Pfulli^tii  blue  till  ij.  \i  DO  longer  dif- 

ihi  earth  in       Coloured.     Tlia  Itllcrt-d  liquor  lomelimcs  becomej  liubid  bjr, 

PralftrtM  '^^'^       *5'  ■"^' '^^P'^'v*  *»  little  oxiduol'iroii.    Hi;liliKr»iiajaHi* 

tiint  i>  fta'ton-aiict  at  tlic  eud  of  lever^l  buurs  finall  ycllowiUi  cr^ilalt  are 

(« WfcHomW  fptmed,  whid)  art  Hic  prulTiale  of  bajttui.     He  ,i(buins  aa 

rising  the  p.    addiltonal  ^u^tit^  t)y  cviijioration. 

uid-  Thid  pru,ffiUe  ul'  l^diite;  in  pow^^r  is  tiirovin  iitto  a  hot  fb-  ~ 

pruffiite  of  b"  '"^"f  ofcarbauafe  of  polalli,  until  it  no  longer  rcfiores  the 
fha  is  ilecam-  culuiir  of  blue  paper.  The  aullior  obfert'Os,  that  k  is  better  to 
«re'^of'po"ft"  ^""P'"/  ^°^^  piuffiate  than  is  neceflarj-  for  the  deeompofition 
jind  ihut  giiei  of  the  carbonate.  He  digells  tlie  mixture  im  about  an  hour  ;, 
fine  trj-ftili  of  |!,j.n  (^[ieri  the  liquor,  evaporates  it  (lowly,  and  oblajns  by. 
aOi.  tlm  method  very  fine cr^ftais  of  piufliate  of  polalb. 

Lrf  purificatbrt  Thefe  crjflals  neverihelofi  fomclimei  coutaiii  as  jnudi  m 
*T  Kftisui  «W.  o.2i  of  oxide  of  iro*  ;  tbe  gteateft  part  of  tjiis  is  fepnralod  hj 
digeJliiig  the  liquor  before  fillrau'd,  with  a  liUle  acetic  acid^ 
which  has  the  advantage  lif  forming  witli  the  polalh  an  un-N 
cryflallizable  fait,  and  confequently  cannot  mis.  witli  the  cry- 
lUiof  tlie  prufllate.  .  ' 

The  precipiuted  carbonate  of  bariles  may  again  ba  uM<iit 
the  lame  operation.  '■  '  tt"! 

-T    1 
•  Vol,  iV.  Qoirlo,  f.  30-,  I7D.  '^W  1 
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•  Let  uj  now  ciWer<n?  the  ufo  Mr.  Henry  made  flf  iho  prufliate 
*f  poUrOt  ihm  prrpwed  lo  refolve  (he  cutitroverteA  qiitfilon. 

*'  He  pnurad  lomi'  of  it  into  a  fduiion  of  nmriale  of  "bai-ilwi  Tht  purt  pruf. 

"    precipitation   followed;  the  mixlure  wai  not  in  tlw  !e»ft  jy"( 'J'^^'i^ 

ifbad,  and  he  was  inclined  to  ihink  Wilh  Meyer  fmd  K!ap_-  tits  t^i;  t^^vlf^ 

ibiUi  that  a  pare  pruHiatedoeg  not  precipitate  barites.  '  ^  |if  "'*^  >^ 

But  having  obferved  the  tnikture  Kalfan  hour  nftrtwarfl*,  hgtltdijialfiij 

,J^p«rceii-ed  fmal!  dryflals  forming  on  the  fides  ol  the  velTd  ;  •"  '"'"'• 

■  at  the  end  of  fome  hoars  they  wtfre  confictwably  aug* 
-«Mn(m!. 

'Thefe  cryflalt  whsn  examined  pr?feirted  the  WtoWing  chal 

-    1 .  They  are  very   fparingly  foluble  in  cold  water ;  one  CbmOtror'^ 
^finc«i«  required  (o'diiTolve  a  t[nartcr  of  a  grain*.  pruilpltited  «y. 

IF.  Warm  water  dillblvcs  them  rather  quidcer,  though  in  3       '  ■ ''  ■ 

Vy  fmall  proportion. 

3.  Thefe  fobliont  alTord  wKh  fulpliuric  ocid  and  fulpimte  cf  Ther  mre  mi* 
precipitate  of  fulphalc  ofbarites;  and  Pruffian  btne  l""''"^'''  P'"** 

tPith  fulphaie  of  iron. 

4.  Thefe  cryftaU  are  oomplelely  <I!lTo!ved  in  muriatic  acid 
lliluted  with  water,  and  thii  folutinn  olfurded  uneqirivocal 
"  [M  of 'the  prcfenceof  prudiate  ofbarites. 

J.  Thefe  cryilaU  heated  lo  rednd*  in  a  fiUer  cmcibie  be* 
iutie  Msck,  and  lull  their  Ibmi ;  murifttic  acid  poured  on  the 
ily  refidue  produced  an  effervefcence,  and  muriate  of  ba- 
r  fonned. 

•  Mr.  Henry  draws  foveral  confequences  from  Ihefe  fafls.  InauaionifroW 
•fcftjtrjt,  that  he  was  deceived,  as  well  as  Ihofe  who  an- '^'^^ '''^'■ 
tnunced,  thai  pure  barites  does  not   decompofe  pnifliatc  of 

|imni. 

The Jicond,  that  bariies  ought  (o  btf  placed  before  polalh  in 
fho  column  6(  atllnilios  of  pruflic  acid. 

The  (Wrd,  that  tlie  precipitation  efitfled  by  profliatc  ol' 
^taOi  in  a  fotut'too  of  muriate  ofbarites,  is  the  prod  ti  ft  of  a 
lleuble  sf1ini(^. 

•  The/Okrfft,  that  barila  dS^rt  in  (his  reJpcH  from  the  othft 
ttrtKn,  and  approachn  the  iiieiak. 

'■  Of  ibde  four  propolilions,  the  three  (irfl  feem  (o  me  to  be 
l^en  lo  no  ohjeflion  j  for  tboogh  Mr.  Henry  does  not  relaic 

*  At  the  EngliO)  ounce  ia  here  fpoKieii  of,  which  coniaina  43^ 
IgtalBc,  cold  water  otiiy  diltolves  about  0,001)5  of  iM  w«igh[,— -G. 
0  2  »ti^ 
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any  direfl  experiment  on  this  fubjeft,  it  u  known,  anil  !  hkv# 
inyrtjirobrervt;d  il,  tiial  the  aqueous  fululion  urbaritci poured 
iota  a  folulion  uf  alcalUie  pruffiotc,  decoinpofei  it  by  fimpt* 
aOinily. 
Pfc'^'""*  ''"  ''  '^  ""'  '^^  '*""'  ^'^'^  ""^^  '"'*  conclufion  of  Mr.  Henry  ; 
kirinr^-  '  '"'  though  there  acid  folutions  of  barilcs  arc  dectimpofed  by 
psichct  to  th«  the  alcaline  prufliates,  prccifely  like  the  metallic  Iblulions  by 
""^   '  the  way  of  doable  aSinitVi  or  tlie  concurrence  of  divellent 

forces  which  determine  the  excliange  of  bafes,  it  in  no  refpcfl 
folluvvs  that  barites  is  on  Uiat  account  removed  from  lh« 
kciufe  tlie  pn-  earths,  or  approached  to  tlie  metals.  If  that  were  the  cafe, 
dmbl^liffinit''  ""^  ^^"^^  '"^^  ^°  afferted  of  all  lubftances,  which  prefenl  lh« 
tnd  hippcni  fame  phunomcnoti,  aiKl  it  would  no  doubt  be  a  matter  of  fur- 
with  othtt  pfj^e  lo  find  this  reafonine  lead  us  lo  alKmilaie  lo  the  melaU 
«»rtht  uid  alba-  f         ,  ^  ,  .  , 

Go,  ume,  Jtrmilian,    iiiagrufia,    patujb,  Joda,    and  even  aminoma, 

fince  the  Frullic  acid  u-an  lake  all  thefe  bafes  from  their  fol* 
.    .  vents  when  the  fum  of  the  divellent  aUiniliea  ii  in  its  fa- 

vour. 
MomI}  potaA  )       I  have  proved  this  in  the  oife  of  pola/h  by  the  experiment 
already  related,  wliere  it  is  feen  that  it  lakei  the  PrufGc  acid 
Irom  tLc  liiue,  and  yields  (o  it  the  carbonic  acid. 
U))  This  elTea  is  lilU  fpeedier  witli  carbonate  oi'foJa,  and  prul^ 

fiale  of  lime, 
tbDntiiD)  The  folution  of  nitrate  oOfrontiwi,  is  likewife  decompofed 

by  the  pruHiate  of  lime. 

If  a  few  drops  of  prutliate  of  lime  be  poured  into  a  folulion 
of  fulphale  of  ammonia  in  live  or  fix  minutes,  a  whiti  111  frothy 
film  ril'  the  thicknefs  of  about  a  quartet  of  an  inch  ihick  fwims 
at  tlie  liiriate,  and  Is  at  lail  depoled  in  fmall  flakes. 

l.ail!y,  fulphate  of  magnefia  mixed  witli  pruffiaie  of  lima 
becomes  clouded,  and  a  precipitate  is  formed. 
Mid  becjuft  the  Let  us  therefore  return  to  the  true  caufe  of  thefe  pheno- 
orier  of  jffiniiy  ujgng^  the  acKon  of  (he  double  affinities  in  which  we  flill 
JIftinaivc  clii-  trace  the  finiple  eludive  atlraSions,  the  order  of  which  ji  !»• 
m&ct  of  bodm.  tally  j  ndepeiident  of  llial  leries,  or  artangement^n  wlurh  w» 
fuch  lubllanccs  as  have  fcvcral  other  properties  in  com- 
mon. Therefore  the  flalion  which  barites  holds  before  pot- 
afli  in  Uie  columns  of  tlie  altiaCiions  of  pruQic  acid,  ought 
no  more  lo  be  applied  in  ils  clalliti cation,  than  the  petition  of 
lime  befrire  the  lij:ed  alcahs  in  the  columns  of  the  oxalic,  tar- 
tuots,  and  boncic  Kidi.  &c.    Witk  amA  nor^  fQundation 

■"■■■'-•■■■■"  ',0  "■■■■'■' ■-"••^^ 
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t(  hu  been  propofed  to  rank  bariles.  witli  the  alcalii,  whofe 
Cheminl  aSion  il  in  Tafl  performs  in  many  circumfianccs,  but 
from  which  it  however  diffi^rs,  as  I  have  elfewhcre  obferved  *, 
tn  fome  ciiaraders,  which  may  be  conSdared  u  limitt,  an<) 
panicutarly  by  iu  infolubility  in  alcohol. 

m-        .,  ■  —    ..  ■      —      .  -  '■    -u 

XII. 

A  Rej:ie:o  of  Jimte  Erperintenit,  tvtach  have  been  fappojid  to 
aijprore  the  Materiality  tf  Nrat.  Bj/ William  Hknrv. 
From  the  Memniri  nflhe  Literary  and  Pliilofophieal  Soeiety  of 
Maaehifier,   I'oL  V.  Part  II. 

X  HE  following  remarks,  on  Uie  fubj  efl  of  heal,  were  written  pntux, 
Cwnsfter  the  publication  of  Counl   Ruroford'a  Inquiry  con- 
cerning the  Souro;  of  ihe  Heat  evolved  by  Fri^ion;  and  of 
IIm  inlerefling  ellays  of  Mr.  Davy,  whicli  appeared  in  Dr.  || 

beddoes')  Wea  Country  Contributions.  They  were  tranf- 
Bitted  lo  Dr.  Bi»IUoes,  lor  publication,  about  tlie  dofe  of  lh«  \ 

jm  I7t)^  :  but  circumnancus,  with  which  1  am  unacquainted, 
l^vc,  I  believe,  induced  the  Doctor  to  decline  the  continuation  \ 

nf  his  periodical  work.  Thefe  circ4imftanccs  I  decmit  necef- 
§Uy  to  ftale ;  becaulb,  had  tlic  cfTay  been  written  nearer  tha 
period  of  itt  publication,  it  would  probably  have  Blfumed  « 
very  difTerent  arm.  At  prefenl,  I  have  not  leifure  lo  review 
tile  Tub  jcCt,  or  to  attempt  any  material  alteration;  and  Hill 
lifi.  Id  exaiDine  wlielher  1  have  been  anticipated  by  any  of  j 

Ibe  authors  whole  etfayi  have  been  publiHied  during  the  two  f 

Ul  years.  <l 

A  Review  <^  Jome  EsperimeiUa,  ■uhicfi  hme  been  JkppoJlS  la  ' 

di/},rovc  the  Mtiteridity  qfHeat. 
It  has  long  been  a  quultion  among  philofophers,  whether  (tuftlen «bt- 
Ae  feofalion  of  heal,  and  the  clafs  of  plicnomcna  ariCng  from  ili«he»tbcm»i- 
Itie  fame  caufe,  be  produced  by  a  peculiar  kind  of  matter,  or 
b/  motion  of  the  particles  of  bodies  in  genera).     The  former  of 
';  opinions,  though  far  from  being  univerfally  admitted,  it 
moJi  generally  received ;  and  the  peculiar  body,  to  which 
ibe  phenomena  of  heat  are  rofcrrt^il,  has  been  dcmondrated  by 
^.  Lavoifier,  cabtic.     Againil  the  doftrine  of  the  French 

•  Aimaln  At  Chimin,  Vol.  XXXI.  p,  267. 
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V .  (cbooj  1*0016  ibfcible  ugtimenU  liave  Ulely  beeii  advuicedby 

B  Count  Riuuiord  aiui  by  Mr.  Dnvy,  both  of  wiioni  bax-c  odopl- 

r  ^  l^>^  Uieor^i  relpeCliiig  ksal,  which  aHigBs,  as  ils  cauie,  a 

motion  among  the^aiticka  of  bodies, 

Mr.  Divj'j  op.      The  method  of  reafoiung,  eniplojrad    by   Mr.   D4yy,  in 

mnnr  of  hejt  li  Proving  Ihe  immalerialilj'  of  Ihu  caul'e  of  heat,  i^  the  reduSio 

hiriAiaittdcb-aS  ah/ardum,  i.  e,  the  oppugned  theory  is  alTuraed  as  true, 

logetiier  with  ils  applications  ;■  and  fad*  are  adduced,  direflly 

conGradi£b>ry  of  tht;  AfTutaed  principles.     Iliiall  takeihelibcrtif 

of  olTecing  s  Haleincnt  o(  the  argument,  ratlier  difiereut  frujii 

tiutt  of  Mr.  Davy  ,■  though  I  tiufi  without  mifceprefenUtion. 

or  any  tnatetia!  omillioii. 

Let  htat  be  conlidercd  as  maHor ;   and   let   it  be  granted, 

^  that  iho  temperature  of  bodies  (kjiend"!  on  Ihs  prefent-e  of  ub- 

conibinod  caloric.     Now,  if  the  temperature  of  a  body  be  in- 

oreafed,  the  fttx  caloric,   occafiontng   that  ele\'ation,  mnSi 

pfOCeed   from   one  of  (wo  Iburces ;  eithf r.    ]Jlly,   It  in»y  be 

comwunrcatcd  by  furrotinding  (ubftancesj  or,  2ri/j/,  It  may 

proceed  irom  an  internal  fource,  i.  t.  frotn  a  difengagement 

of  what  before  esifled  in  the  body,  latent  or  combined.     Bot 

the  temperature ofbodie;  is  unifonnly  increafiwl  by  frifiionatid 

percuffion,  and,  necefliirijy,  in  otte  of  the  foregomg  modes.  ■■ 

Hut  bjfriaion      ^*  ^^-  Davy  foUrtd,  by  experiment,  that  b  thin  metallic  plat* 

\«9  heated  by  fiiflion  in  the  cshsuded  receiver  of  an  air- 

piinip,  even  when  the  apparatus  was  infulati'''  Irom  bodiei 

capable  of  fupplying  caloric,  by  Ijoing  placed  on  ice.     This 

esperimcnt  be  confiderj  as  demon/lrating,  that  the  evolvetf 

caloric  could  not  be  comtnitnicated  by  farrounding  bodte*. 

exclude      To   the   inference  deduced  from  this  experiment  it  may  bc 

obje^d,  that  the  mode  of  infulation  was  by  no  means  perfc^. 

Admitting  tlie  vacuion  produced  by  the  air-puoip  to  have  been 

complete,  (iiil  the  fupply  of  caloric  could  not  thus  be  Jntircly 

nm.  .cat  olF;  fiiice  it  has  been  fhcwn  by  Count  Rumibrd,  that  ca- 

"**■     loric  pafles  even  through  a  torritellian  vacuum.     If,  therefore, 

ffiQion  produce  in  bodies  fome  change,  which  enables  them 

t»  atlmfl  caloric  from  furroiinding  fubftanccs,  thts  sltradion 

may  ix  equally  efficient  in  an  exhaufied  receiver,  as  in  one 

corrtaining-  an  utmofphere  of  mean  denlitv.     It  wouldbe  an 

inlerefiing  fubjefl  of  experiment,  to  determme  the  influence  of 

atmofphem  of  various  dcii6ties,  a«coi)du£lorx  of  calorie ;  for, 

liact!  eH'efls  are  propoitionale  to  tlidr  oiuJies,  and  it  is  afcer- 

3  tained 
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iailfod  limt  common  air  condu^l*  caloric  belter  than  it  in  con- 
veyed tbrout^h  a  vacuum^  as  1000  i^  lo  70-2,  it  may  be  expe6!- 
^  that  the  ratio  will  hold  in  all  intermediate  degrees.- 

In  Count  Rumtord's  mafterly  ex|>eriment,  the  melal,  fiib-In  Count  Rum- 
tnilted  lo  fridion,  was  crtconipatred  by  water;  and  air  was ^^j^^^J?!^^' 
carefully  excluded  From  thefurlaces  in  motion.'^  Yet  the  water  Jour.  4to«Il. 
became  ho*,  and  was  kept  boiling  a  contiderabte  time.    In  this  Jvj|j  JJ^^*    •' 
cafe,  the  only  obvious  fource  of  caloric,  from-  withoiil,  was  pofed  to  be  «b- 
through  the  borer  employed  in  producing  the  fM^ion ;  if  it  be  ^^^^^  JJJe  f^c" 
true,  as  the  Count  has  obferved,  that  tlie  water  co'ild  not,  at  time. 
the  fameinflant,  be  in  the  a6t  ofgivingoutand  receiving  heat. 
The  fame  obje^^ion  to  the  communication  of  heat,  from  ari  ex- 
ternal foutce,  exifts  alfo  in  thus  explaining  Mr.  Davy's  expori'- 
ment :  but  I  cannot  admit  that  the  argument  is  demonftrative, 
in  proving  the  c\'olvedcalortcnot  to  be  derived  from  external 
ftibftances ; -for  no  abfurdit^'  is  implied  in  fuppofing,  that  ar 
body  may  be  receiving  caloric  in  one  ftate,  and  giving  it  out 

in  another.     We  have  an  example  of  the  timultaneoiis  admif- 

....  ■'  ^  ■• 

lion  and  extrication  of  a  fubcle  fluid,  the  materiality  of  which  is 

iidmitted't>y  Mr.  Davy,  in%n  excited  ele^ric,  which,  at  (he  Induce  ui  elec- 
very  fame  inltant,  receives  tlie  ele^ric  fluid  tirom  without,  and        '*  t 

'  transfers^  k  to  the  neighbouring  conductors.  In  an  ignited 
body,  alfb,  the  two  procelTes  of  abforption  and  irradiation  of 
light,  are,  perhaps,  taking  place  at  the  fame  moment. 

II.  Another  caufe  of  the  increafe  of  temperature  m  bodies,  Inbodrei  whicjk 
i^  the  liberation  6f  their  combined  caloric ;  and,  if  this  be  *  f^Ai  ri'^but'&* 
fource  of  temperafnre,  the  abfolutc  quantfty  of  taloric  in  a  body  not  have  their 
niuft  be  diminiflied  by  tricliort.    That  no  fuch  diminution  rraily  ^^7  !*'""":   , 
takes  place,  we  have  the  evidence  of  two  cxporimcnls — the  ,  '  t 

one  of  Mr.  Davy,  the  other  of  Count  Rumford.     Mr.  Davy, 
by  nibbh^  together  two  pieces  of  ice,  converted  thcni  into  ^  •, 

wAter.     No^  water,  ex  hypothefi,  contains  more  caloric  than 
fhe  zte  from  which  it  was  formed ;  and,  on  thfe  fame  hypothe- 
cs, the  ablblute  quantity  of  caloric  in  ice  is  diminilhed  by  fric- 
Hon  and  ifqueiaftion,  which  is  abfurd.     Count  Rumford  alfo 
afcertained,  that  the  fpecific  heat  of  iron  was  not  diminiftied 
when  converted  by  a  borer  into  turnings^  and  confequently 
when  it  had  been  the  fource  of  much  temperature.     In  c\t)la-  »t  «»*y  ^  ^«»P*  ^ 
nation  of  thefe  fa6ls,  we  miy  be  allowed  to  alfurne  the  comma-  uuk  fnm^tikfd 
nfeation  of  caloric -firom  fuirrounding  bodies,  till  this  commiini-oat-) 
CaftiOQ  has  been  dcmondratcd  to  be  impoffible.    Bat  eveti  were' 

the 
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Uie  iropolTibiiit)'  eliablilhed.  It  would  yet  remain  te  be  provei, 
that  the  cvoK'cd  caloric  lioes  nol  proceed  from  an  inlema! 
fource;  and  tliit  can  only  be  done  by  an  accurate  comparifon 
of  the  quantity  of  caloric  in  bodies,   before  and  after  friflion. 
(•d  ih«  experl-    Mow,   in  Jnfiilulmg  this  comparifon,   it  is  implied,  that  we 
■ncciptcUietire  P^flefs  lubaiii  of  determining  the  abfolute  quantity  of  caloric  in 
fiKSiouIrie.      btxlies,  and  ihst  we  can  compare  quantities  of  caloric  with  a» 
much  certainty  as  we  can  obtain   from  an  appreciation  by 
weiglit  or  by  meafure.     Such  pcrleclion  however  does  not,  1 
apprehend,  belong  to  the  prelenl  llate  of  our  knowledge  rc- 
fpeOing  heat ;   for  1  have  always  been  djflruflful  of  that  part  of 
the  doctrine,  which  aligns  the  ratio  of  lieat  latent  in  bodies. 
The  grounds  of  this  dillruA  1  (hall  Hate  pretty  fully  ;  for,  if  it 
can  be  proved  Ibat  we  have  no  accurate  conceptions  of  <|imn- 
lily,  as  appertaining  to  heal,  all  arguments  againli  il^  maleri- 
'  sliiy,  derived  from  fup|>ofed  determinations  of  its  quantity, 

mull  belncuticlulive. 

.11  ii  jiTciteii  ibai      The  only  clear  conceptions  which  the  mind  has  of  quantity. 

«on«iitioB>  of     ^"^  derived  either  from  a  comparifon  of  the  magnitude,  ot  of 

auuiiiiyaie        the  gravity  of  bodies.     In  the  inftance  of  caloric,  both  Ihcfe 

mZi^'^"^  modes  of  mcnfurafion  fail  us.     We  cannot  eftimate  the  bulk  of 

a  fubflaiicc  which  eludes  our  grafp  and  our  vifion  ;  nur  have 

we  yet  fucceeded  in  comparing  its  gravity  with  tliat  of  the 

grofTcr  kinds  of  matter,   which  it  furpaU'es  in  tenuity  beyond  all 

»«itli«  of  whlih  Comparifon.  Our  notions  of  tlic  quantity  of  caloric  are  derived, 

kuloric  °"*  ''''"''  '"'^''  finipl*  jiidgraents,  but  from  complicated  pro- 

cefTes  of  reafoning,  in  the  fteps  of  which,  errors,  fatal  to  the 

whole,  may  perhaps  fomclime  appear. 

CJttrie  Ii  peeu-       Whatever  be  the  nature  of  caloric,  whether  it  be  a  body  yLi 

aicnti  beini  de-  g^wrij.  Or  a  quality  of  other  bodies,  its  effefls  are  peculiar  and 

aotid  by  cipia- appropriate  J    and,  Ijke  all  other  fafis,  bear  a  proportion  to 

tlie  energy  of  their  caufe,  Expanfion,  lor  example,  it  is  proved 

by  experiment,  keeps  pace  will)  theaflual  increments  of  heat ; 

and  on  this  pripciple  is  founded  the  thermometer,  the  great 

agent  in  the  actfuiremcnl  of  all  our  ideas  refpeAing  heat,  both 

abfolute  and  relative.     The  cotnpetency  of  this  inArument, 

howi^ver,   to  afford  information   of  the  quaiitity  of  caloric,  is 

limited  by  the  following  clrcumflances : 

Thtthermnrne-       ]ji^  xi,e  mercury  of  the  thermometer  indicates  only  lh» 

•btoluie  auaflii-  <l"*n'i'y  oHieat  which  it  has  itfdf  acquired,  and  by  do  means 

'lip^  ^lat  contained  in  furruunding  bodies.     2ilij,  The  fcale  of  ex* 

.,..)  panfiBH 
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^anfion  is  whoily  arbitrary,  conunencing  far  from  the  abfoluta 

privation  orheal,  and  falling  far  tttocl  oriUnia.xii[)Uin.     Sdlj/, 

The  caloric,  lalenl  in  bodies,  or  chemicaily  combined  with 

them,  has  no  elTe^  on  llie  ihermomeler.     iilily.  The  CKperl-  ud  the  Itin  tea 

meoti  of  Dr.  Crawford,  ibough  fuffitient  to  fliew  that  ^b*"  l'rZT-i\    w 

expanlion  of  the  mercury  of  tlic  thermometer  bears  s  ratio  lu.ai;  id  i  r-nari 

ihe  oftual  increments  of  heat,  in  any  temperature  betivt-en  the  t'^'t^i'  '"i^ 

boiling  and  freezing  points  of  water,  by  no  means  prove  ihaL 

this  proportion  holds  univcrfaliy.  \ 

Equal  weights  of  heterogeneous  bodies,  it  is  prefumed, 
contain  unequal  quantities  of  caloric ;  ^nd  tlie  ratio  of  thefe 
<iuantiliei;  is  approximated  tn  the  fuUuwing  manner. 

Equal  weights  of  the  fame  body,   at  diftt-rent  Itinperalures,  Commnn  n^. 
give,  on  admixture,  the  arithmetical  mean:  but  equal  weights ^j^^  ^^  iil'X- 
af  diflerent  bodies,  at  difTerent  lemperalure-s  alTord  a  lempe-hnicbjibrcon. 
laturc  which  varies  confiderably  from  themean.  Thusapoiind|2|'^_''^1^'^'^ 
of  water  at  JUO  degrees,  and  a  pound  at  200",  give  the  tern- ibc  mon. 
pernture  of  1 50°  ;  but  a  pound  of  water  at  200»,  and  a  pound 
of  mercury  at  100°,  a^brd,  not  the  mean,  but  a  lemperatare 
confiderably  higher.     Hence  it  follows  that  a  pound  of  mer< 
cury  has  not  tlic  power  of  fixing  and  retaining  fo  much  caloric 
a)  a  pound  of  walcr :  and  the  fixa-tion  of  mote  heat,  by  the 
water  than  by  Uie  mefWiry,  is  afcribtd  to  the  fuperior  energy 
of  a  power  inherent  in  both,  and  termed  capacity  for  caloric. 

From  an  cxtenlive  feries of  experiments  Dr.  Crawlbrd  in- CipKida pc 
ers,  that  the  capacities  of  bodies  are  permanent,  fo  long  Ui c""si'  S'  I 
they  retain  their  form.    Thus,  the  rapacity  of  water  has  topothefii, 
that  of  mercury  the  rallo  of  23  to  I ,  at  any  temperature  be- 
tween 32"  and  212°.     The  difference  of  capacities  of  bodes, 

s  inferred,  therefore  would  continue  the  fame,  down  to  the 
abfolute  privation  of  temperature.     Imagir.e,  then,  two  ho- 
llies at  this  point  of  privation  :  the/  may  ftill  contain  unequal 
(juailtities  of  combined  caloric ;   for,   when  chemically  com- 
bined, caloric  does  not  produce  Icmpcraturc.    On  Dr.  Craw-  not  appHcahl 
ford's  hjpothefis,  thefe  comparative  quantities  of  combined  ''"""^  "^  ' 
caloric,   in  the  two  bodies,   may  be   learned  by  ohlervin);  the  turn, 
ratio  of  temperature,  produced,  by  the  addition  to  each,  of 
fimilac  quantities  of  licat.     This  fuppofilion,  however,  is  ma- 
nifcllly  gratuitous ;    and  the  contrary  might  be  maintained 
ivith  equal  or  greater  probability  :  for  it  may  be  fuppofed  tliat, 
at  this  alUimcd  ncgallou  of  temperattire,  one  body  rcndcts 
,  latent 


E. :::. 

^B  htenl  more  caloric  ihur  anuilt^r,  bccauTe  it  ndually  rfmUim 

^B  UU;  m  certarii  dry  fiih*  tttlr»^  tnwe  \fa(er  iVmn  the  nimof. 

^1  ph<?te  than  oi)i«n  ctmiBinin^  much  water  or  orvD.illizatinn. 

BMtfMtablc.      The  cwmnmnly  employed  mode  of  arterittinlHg  llie  l|i«ific 
■  caloric  lit'  borilM,  »   ronwied,  therefore,  on  an  airnmption, 

^  which  k  defk'k'nt  in  the  oMfaAerot's  i<Bttm,  and  which  itfclf 

fcquires  proof, 
ThiuwMnfci  IfthefcobjeotioBibevafid)  (hcy  *ill ipply alfo  lo  fhew  the 

luce'itro,  hll»-  *  fallacy  ol"  Hie  theorem ,  for  finding  the  abfoluf  e  zero  of  bodie*. 
«raui.  By  (hi*  term  fume  ptiilofopheri  appear  lo  onderfiand  the  point 

Bf  abrotiite  privation  of  caloric,  both  ftev  and  combined.  I 
apptchend,  however,  that  4n  drift  propriety  it  can  oi>ly  be  nfed 
to  fignify  the  negation  of  uncimibinrd  caloric,  or,  a^  Dr.  Craw- 
ford fwprefTes  himlctf,  the  fwint  of  abfolulo  wiW.  Ai  applied, 
however,  lo.  water,  il  i^  evident  that  Ihe  whole  quantity  of 
Th*  method,  hent  'h  underlluod.  In  alVerlaining  Ihe  ztro,  fay  theTe  calcn- 
ialors  [tie  capacity  of  ice  tr>lliat  of  water  is  a*  !» to  10.  It  \i 
plain,  ihercfore,  that  when  water  freezes,  it  mufl  giffe  oof  i^th 
of  ill  whole  heat,  aad  this  (Oih  purt  is  found  16  answer  to  1 4d» 

(of  Fahrenheit.  Confeqnently  its  whole  Iteal  k  \  0  times  I +S, 
W  r460» ;  and  hence  the  tttlhiral  zero  ij  I  *«)  —  aa  or  I  Mi". 
Now  of  llirt  eflimate  it  il  a  datum,  liiftt  (hf^cafiariliof  of  icw 
and  water  have  precifdy  tlie  above  ratio.  Bnl  if  the  freiieral 
t'ofrtiala,  for  afcerlaininj;  (he  fpecific  calwic  of  bodrci,  be 
founded  on  crroneoas  principles,  it  cannot  fcrr'e  w  ihe  ground, 
work  of  any  folid  concliifions. 

The  mirterialily  ftf  caloric  may,  I  rfpprebcwf,  be  matnfained. 
._  WTtliout  admitting  that  wo  hare  made  any  ftepa  towards  rtfter'- 
mining  its  quantity  in  bodies ;  and  (he  argnnient!  of  Coanf 
tiiiogtiihttw.y.  Riffrtford  and  Mr.  Davy  are  not  rfcmonftraiive,  becanfc  ihtjy 
affinne,  I  hot  this  part  of  (hedtiftrincof  calorir  cannot  be  rclirl-- 
quilhcd',  williout  abandoning  it  in  tnto.  I  may  be  permilleif,' 
ttierefote,  to  Hate  my  reaftnl!  for  brKeVing  caloric  to  be  matter; 
which  would  havT:  been  unneCeflatVi  hail  Ihe  contrary  'been 
proi-ed,  vfith  aH  the  forte  of raaihttmatical  demonftration.     ■ 

'lidiirj;  ail  metaphyfical  rftafotitngon  Ihenaforc ofirtWlrt-,' 

and  afToming  the  generally  receii^ed  de(tnit5on,  a<t TaitiCiMtty 

charaflerizing  il,  t  (hall  esannnB  how  far  this  genWal  chaWc^ 

'-     ter  of  tnnlter  appliej  lo  ihe  individual— caloric.     Gaiotic  oc^ 

''      cupies  fpaco  or  i'  extended,  becaufe  il  enlarge?  the  dimenfioni 

,  ind  of  other  bodica ;  and,  for  the  fiune  reafon,  it  a  impenetrable. 


Argumeatrta- 
cluding  lbc(: 
doOcinc),  iht. 


That  caloiii  ii 


cupiei  Sfia 

ia  iispcacuiblci 


fines 
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49ice  if  it  couM  exifl,  at  the  lame  time,  in  the  fame  place,  witli 
other  bodies,  their  volume  would  never  be  enlarged  by  the  ad- 
dtttOQ  of  heaL     Of  form  or  iigufe,  as  only  a  mode  of  exten- 
fien«  it  is  unneceflarj  to  prove  that  caloric  is  poflelfed ;  and  in- 
deed there  is  perhaps  only  one  general  quality  of  matter  that 
will  not  be  allowed  tt>  v.iz.  atlraelion.     That  caloric  is  in*  fthatijotbeef 
^Henced  by  the  attra^ion  of  gravitation,  or  by  cohcfivcattrac-  of^diht?''* 
tion,  has  never  yet  been  proved.    Yet  the  various  experi- 
Blunts  of  Bufon,  Whitehurd,  Fordycc,  Ptctet,  &c.  cannot  be 
oUedged  as  proofs^  iliat  it  is  adluaiiy  devoid  of  this  property  j 
^iince  they  only  decide,  tliat  the  fmali  quantities,  which  can  be 
artificially  collecled,  arc  not  to  be  fet  in  the  balance  agatnf>  the 
grolFer  kinds  of  matter.     One  kind  of  attradlion,  that  which 
has  lately  been  termed  chemical  aHinity,  may,  I  think,  after  a 
fuH  furvey  of  phenomena,  be  fairly  predicated  of  caloric— and 
if  its  poflfcffion  of  this  quality  be  rendered  probabk*,  we  fhaiL 
*  Ihence  derive  a  powerful  argument  in  favour  of  its-  mate- 
riality. 

.  That  chemical  affinity  has  a  conddcrabic  (hare  in  producing;  It  appean  t» 
tlie  phenomena  of  heat,  appears  pTobsd)le  from  the  following  j^'JirA*  ^"^'^ 
conli derations : 

,  1.  All  the  charadlcrs,  diftingoiOung  caloric  when  feparate,  b«caureitipiic 
ceafe  to  te  apparent,  when  it  lias  contributed  to  s^  change  <'f  [^^l^iauoi^ 
form  in  other  bodies ;  and  the  properties  aS  the  fubilaaccs  fo 
changed  are  alio  materially  altered.  Now  tliis  is  the  only 
unequivocal  ma^k  of  chemical  union  that  we  can  apply  in  any 
ioiiance ;  and  chemical  anion  implies  the  evillence  and  e£> 
ficiency  of  cheinical  affinity. 

2.  The  relation  of  calocic  to  ditferent  fuhHances,  appears  and  It  fliewi 
t»  obfinrve  thai  peculiar  law,  which,  in  other  indances,  U  !.'^^'^^  ^^'' 
termed  eledive  afHnity.  If  a  compound  of  two  or  more  prin- 
Oplos^  a  metaljiic  oxide  for  inftance,  be  expofed  in  a  high  tem- 
pecature»  the  caloric  forms  a  perte£l  union  witli  the  omi,  but 
not  with  the  other.  In  certain  indances,  caloric  is  evolved 
when  two  fubflances,  attrading.  each  other  more  powerfully 
t]Bn  they  attrad  caloric,  produce,  on  admixture,  an  elevation 
o^  temperature.  In  other  itiftances,  caloric  is  abforbed  when 
it  is-atlia^ed  by  tlie  new  compound  more  (Irongly  than  by  tho 
feparata  components.  Such  ia£U  warrant  the  deduction,  that 
c^ibric  it  fubjed  to  the  laws  of  chemical  aiiinity.  But  the  pre- 
dfe  order  of  its  affioitieB  remaiuB  to  bo  decided  by  future  cxpe- 

rjaaits. 

3.  C^Wvt 


C>picity>n<!  if. 


On  the  word 
tapicitjrwip. 
plied  bj,  Cr.-.. 
fofJ. 
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i.  Caloric  reems  alfo,  on  fome  occafions,  lo  bear  a  pari  I'l*" 
tile  operation  of  doable  elcflive  aOiniliei.  In  Ibis  way  il  pro- 
duce) decompofitions,  which,  bj  finglc  affinity,  il  ij  Incapable 
of  cffefling.  Thus  a  mort  inlenfc  fire  does  not  expel  iniirely 
the  carbonic  acid  from  alkalis.  Bui  when  Ihe  affinify  of  air 
acid  for  an  alkali  concurs  H'ilh  that  of  carbonic  acid  for  caloric, 
a  decompofilion  enfue». — Again,  water  may  be  fubmitted  lo 
ihe  higheft  temperature,  without  imparling  a  gafcous  form  for 
the  hidrogen  which  il  contains ;  but  the  confpiring  affinitv  of 
a  metal  for  o\igcn  OccaCions  the  produflron  of  hidrogenouf 
ga<.  On  this  principle,  many  chemical  fefti  are  refolved  intoi 
the  hw  tif  double  iifi'iily,  which  ate,  at  prcfent,  explained  by 
that  of  fingle  derive  aftraflion. 

4.  Caloric  aft s,  fomelimes,  as  an  intermedium  in  combin- 
ing bodies,  which,  without  its  aid,  arc  not  fufceptible  of  cotn< 
binalion.  Thus  carbon  and  oxigcn  do  not  evince  any  tPn- 
dencv  to  cflmbinalion,  at  the  ordinary  temperature  of  the  at- 
mofphcre  ;  but  caloiir  brings  them  into  union,  and  conflrtulcs, 
itfcif,  part  of  the  refulling  compound.  This,  and  a  rarictj 
of  other  iiiflances,  have  a  ilriking  refemblance  to  wlial  is  call- 
ed intermediate  aginiiy. 

In  the  theory  of  Dr.  Crawford,  no  influence  is  alloived  lo 
chemical  affinity  over  the  phenomena  of  heal ;  anfl  indeed  thai 
philofopher  exprelTes  a  decided  opinion,  that  elementary  heat 
is  rot  capable  of  uniting  chemically  with  bodies.  Hence  it 
appears,  that  the  difTcrence  between  the  terms  affinity  and 
tapacity  is  not  merely  a  verbal  one ;  but  that  Ihey  are  aflualljr 
expreflivc  of  different  powers  or  caufes:  and  the  queftion, 
therefore,  which  of  thel'e  lernis  fliall  be  adopted,  in  Ihe  de- 
fcription  of  fafls,  is  one  involving  ihe  determination  of 
caufes. 

Tiie  term  capacity  for  heat  is  employed,  by  Dr.  Crawford 
and  others,  lo  denote,  in  the  abtlra^,  that  power,  by  which 
different  kinds  of  matter  acquirediRerent(|uantitiet  of  caloric. 
But  in^the  various  applications,  that  are  made  of  ihis  iheoi^, 
a  more  precife  meaning  is  often  aifixed  lo  il ;  and  Ihe  term  if 
applied,  in  jnuch  the  fame  fenfe,  which  it  has  in  commoit 
language,  When  thus  underiiood,  a  difference  of  capacity 
necelTerily  implies  a  difference  in  the  e:(lenl  of  the  fpaces, 
between  the  minute  particles  of  bodies ;  and  that  thefc  diffe- 
rence* occafion  the  varieties,  obfcrvcd  in  the  Bcquircment  of 


i 
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(teat  by  diBerent  bodiei.     On  lliis  theory,  (here  ia  no  iiffive  J(  ufuitiy  im-t 

principle  or  power  inhercni  in  bodies,  and  mote  aftii' 

fome  than  in  others,— no  tendency  in  the  mailer  of  heul  lo  iity. 

attach  itfeir,  in  preference  to  any  one  fubflance.     Thr  a(- 

Cgnud  caiife  of  the  pKraouiena  of  heat  is  not,  I  apprehend, 

■dequate  to  produce  tiie  effeCh  afcribed  to  it. 

On  the  theory  of  capacities,  a  change  of  form  i<,  incerlain  Bjt 
inClancei,  antecedent  to  the  abTorption  of  caloric.  Tims,  ^^^1""^*' I 
when  ctlier  ii  converted  into  gas,  on  remoiing  the  prefliire precede  the 
of  the  atmulpheie,  according  to  this  faypottteljs,  the  capacity  '""''"'"  "f 
•r  the  ether  is  increafcd  by  its  volatilization  ;  and  the  change 
of  form  is  prior  to,  and  the  caufe  af,  the  ablorptjon  ol  caloric. 
The  order  of  cvenU.  then,  in  the  volatilization  of  ether,  ■( 
ftrfi  an  alteration  of  form ;  next  a  change  of  capacity  j  and 
laAly  anahlurplion  ot  caluric.  On  this  hypolhetiii,  ether  nwy 
cxift  iuihe  flaieorgas.  witlmut  cimlaining  a  greater  abfolu(« 
quantity  of  caloric,  than  in  a  liquid  lorm.  But  fuoh  on  inter- 
pretation of  pliemunenu  it  directly  conttadiflory  to  an  uRa- 
blilhed  principle,  admitted,  even  by  thole  who  prefer  ihs 
doftrineofcapaciliei,  viz,  that  all  bodies,  dariitg  their  con- 
verfiun  from  a  fluid  lu  a  vaporous  flate,  abforb  caloric.  It  is 
at  variance,  alfo,  with  obferved  fa£ta:  for  if  a  thermometer 
be  immeffed  in  a  portion  of  etJier,  contined  under  the  receiver 
«f  an  air  pump,  llie  temperature  of  the  ether  will  be  found  to 
fink  gradually,  during  the  cxhauffion  of  the  air ;  and  the  eva- 
poration becomes  proportionally  Qower,  till,  at  lafl,  it  is 
Icarcely  perceptible.  We  way,  therefore,  infer,  that  at  a 
certain  point  of  diminilhcd  temperature,  the  volatilization  of 
ctlicr  would  entirely  ceafe,  if  llie  fupply  of  caloric,  from  fur- 
rounding  bodies,  could  be  completely  intercepted.  But  on 
the  theory  of  capaciliei,  the  eva.poration  Ihould  proceed  as 
fapidly  at  the  clofe,  ai  at  the  commencement,  of  the  proceft 
— K>r,  in  other  words,  evaporation  (hould  be  wholly  indepen- 
deni  of  temperature,  which  every  one  knows  ia  conttary  to 
^. 

It  may  be  confidered  therefore,  as  extremely  prdiable,  thai  \vhen< 
the  tendency  of  ether  to  alTume  a  gafeous  form  depends  on  '"^^".L  g  q. 
chemical  aSinity  for  caloric.     But,  (it  may  be  alked)  how  isuire  b 
this  affinity  counteracted  by  an  uicreafed  preiTucc,  and  aug-i**?- 
mentiid  by  a  dimiuiflied  one  i 


6tl    Sn«  MA^XtlALtTT.or    ilt 

McdMnJotl  A  circumllance, ,  abfoluUily  efTenlial   to  the  ibnoatkin  of 

prtffuwpKnoti  af^,g  ■  ,i,^j  ,rgg  (■  (jj^j[  i^g  niiowoj  fo,  iiieir  expanlion. 
ih=fotmtt*n  of*       ,      ,     ,         ^      "^  ^  ,.       .■  ,. 

EUibuciinoi  Median  I » I  prelTure  atti  a;  s  comiieraaing  force  lo  thii  ex' 
«n  irgumenc  pjuifion  ;  uoil  cither  pKvcnli  il  completeiy,  or  partUJIj,  ac- 
Mine.  cording  to  tUc  degiec  of  its  application.     Bnt  from  lliie  t'a6t, 

no  argument  can  be  dfaWn  agamll  ttie  exigence  of  chemical 
aflinky,  a»  an  attribule  of  caloric.  Two  oppofite  forces' in 
phyfics  may  be  To  baUocni,  tliat  neither  fliali  produce  m  ap. 
prupriate  eflcfl.  Thus  a  body,  impelled  in  contrary  direc* 
lionp,  rany  ivcnain  at  rcfi,  ycl  the  operation  of  lite  oppoflnff 
forces,  in  thii  cafe,  cannot  he  dcnicrl.  '  Even  in  chemiftrjT 
we  have  uiioquivocal  cinmplei,  in  which  the  aflion  of  lb* 
afliuities  is  liipprefiLil  bf  more  powerful  caufes.  Thm  bodies," 
that  ha^'e  a  Arer^  chemical  aJliRily,  are  kept  perfectly  dlftind, 
evtiiwheii  placed  in  oontad,  by  the  affinity  of  aggregatifflij 
Tiie  only  inlercnce,  then,  tliut  can  fairly  be  adduced  froiil 
the  cficSs  of  prcffurc,  in  prevontinj;  the  formation  of  gafes,  ii; 
ibat  it  is  a  power,  fomctimeK  fuperior,  in  enorgy,  to  tliat  of 
ch«mica!  aliinity. 
!  Since,  lliurofwc,  caloric  is  charaftcrjaed  by  all  (he  proper- 
lie],  except  gr&vity,  Uiat  enter  ijilo  the  detinilion  of  malteri 
iiy  we  may  vtsUuie  to  confider  it  ata  diitind  and  peculiar  body. 
Not  i)  ha  deficiency  of  grai'ily  fulRcient  to  exclude  It  from 
the  claf*  of  material  fubfttuices.  Such  nicely  of  arrangement 
might,  with  equal  propriety,  le«d  us  lo  deny  tlic  malerialily 
«fligiit,  (lie  gravity  of  which  hat  never  yet  been  proved:  for) 
befidei  the  aspurimentsof  Mr.  Michel!,  which  tarlecl  loaR-er- 
laining  this  proptTty  of.  iiEht,  we  liavc  feveral  tbemical  fiifli 
leading  til  tiie  fani*p  ctHictnfion.  Thus  Mr.  Cavcndtfh,  afttf 
firing  a  I  III  vt  It  re  ot  hiclTog«<noas  and  mti^onout  gafes,  in  adbfe 
velfci,  a  ptocels  duiitiR  which  much  light  t)  always  eraiOed,' 
found  not  the  lri\alteft  diminution  of  weight. 
if  To  have  completed  ihif  dW'cnce  of  the  material  nature  of 
heat,  it  would  have  heen  proper  (o  have  pointed  out  the  err' 
cuuiltaiices,  in  which  ihc  phenomena  of  heat  differ  from  the 
knawnand  acknowledged  phonomeoB  of  motion.  At  prefenl, 
however,  I  hawe  not  leifure  to  purfue  the  fubjefl  at  much 
length ;  anil,  though  fovL'rat  puiitts  of  diragreemeitt  wnnl4 
doubtlefi  be  fonnd,  1  Oiall  mention'  only  one  of  the  molt 
marked  awl  decifive. 

Motion 
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'  M<ition  IS  an  attribute  of  m^itfter,  independenlly  of  wfaichH«ii€Mfc^. 
it  cannot  poffibly  fubfift.     If  therefore,  the  phenomena  of  bei^t  cuam^bvl*^ 
can  be  (liewn  to  take  place,  where  matter  is  notf>re(ent,  wetionfii«)y !»». 
(hall  derive,  from  the  fea,  a  conclufive  argument  iiigainft  tHat  ^"j^^  JJJ|^    • 
theory  of  heat;  which  aflligns  motion  as  its  caufe.     Now^  in  there  it  no  au$» 

the  experiment  of  Count  Kumlbrd,  before  allad^  to,  healjf'*  .  Hence  tha 

'^  .  heat  II  matter* 

paflfcd  through  a  torricellian  vacuum,  in  which,  it  need  haitlly 

be  obferved,  nothing  could  be  prefent  to  tranfpoit  or  propa- 
gate motion  This  experiment^  in  my  opinion,  deoid^y 
proves^  (hat  heat  can  fubfift  independently  of  ether  matter^ 
and  confequently  of  motion — in  other  words  thai  heai  is  a  dif^ 
tin6t  and  peculiar  body,  ;•■   ■    j 

XIII. 

Enquiria  concerning  the  Dictation  cf  the  O^fes  muL  Vi^rK 
Bead  to  the  National  InJHiiUe  cf  framoe.    By  Cf t.  G^y 

LUSSAC*. 

Art.  I.     Tike  Obje^  of  this  Meii^oir. 

INATURAL  philofophers  have  been  long  engaged  in  re- The  refearchei 
fcarches  on  the  dilatation  of  the  gafes  ;  but  their  labours  pre-  f "  ^^«  J»f*s  a*"* 
fent  fuch  variations  in   their  refults,  that  fo  far  from  haying' *°*"°'^** 
fixed  the  general  opinion,  they  have  on  the  contrary  left  us 
great  reafon  to  with  for  more  accurate  invefligations. 

The  attention  of  philofophers  has  not  been  equally  dire6^ed  The  expanfioni 
to  the  dilatation  of  vapors.     Though  the  prodigious  effedts  of^g^„'{|^',^*^^. 
the  vapor  of  water  has  long  been  known  and  applied  with  the  mined, 
happiefl  eflfefty  Ziegler  and  Bettancourt  are  the  only  perfons 
who^thin  my  knowledge  have  attempted  to  meafure  them.' 
Their  experiments  however  are  not  adequate  to  Ihcw  the  true 
dilatation  of  the  vapor  j  for  as  there  was  always  water  in  their 
apparatus,  cv^Ty  new  degree  of  heat  not  only  produced  a 
dilatation  of*  the  vapor  formed  by  the  preceding  degrees,  but 
alfo  increafed  tlie  volume  by  the  formation  of  new  vapors ; 
two  caufes  which  evidently  tend  to  raife  the  meicury  in  their 
manometer  f . 

•  The 

*  From  the  Annales  de  Chimin*,  XLItl.  187. 
i^  The  apparatus  of  Bettancourt  confifts  in  a  boiler  of  copper 
dofed  by  a  cover  of  the  fame  metal,  through  which  pafs  three  tubes. 

The 
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Tlie  thcrmoBictfir,  as  it  is  al  pM^reulcoiiflrufled,  cannot  be 

ii'  '!^'iTna'  *PP''^  *"  P^'nl  *>"'  ^*^  <^^^^  propcirliuns  of  heat,  bccaufc  we 

qwDtitieicf      are  tioC  yet  actjiiainted  with  the  retolion  between  its  degrees 

Bteih  aud  tfm  quantities  of  heat.      It  is  indeed  generally  thought 

■  --  tliaf  etjual  divifion^  of  its  ftale  leprefenl  equal  Lcnfions  of  ca- 

'    ■  loric  ;  but  thb  opiniun  is  not  founded  on  any  well  decided 

&a. 

JJomeroufde-  We  mufl  admit  therefore,  that  we  are  (lill  far  from  poITef- 
fc^J'lVlhlT'  *^"S  pofi""^'^  knowledge  refpefliiig  the  dtlalotion  of  tlie  gafes 
aril  toi  ihe  and  vapors,  and  tlie  correfpandent  maicli  of  the  thormometcr ; 
knowitdgr  of  neverlhelefs,  we  have  daily  occafion  in  natural  philofophy  and 
H  and  vipor.  chemillry  to  reduce  a  given  volume  of  gas  from  one  tempera- 
lure  to  another,  to  meafure  the  heat  difengaged  or  abforbed 
in  the  change?  of  conftitution  of  bodies ;  or  that  difengaged- b* 
abforbi'd  by  the  fame  body  in  palfuig  from  one  temperalure  to 
another ;  and  in  the  arts  to  calculate  tiie  efiiji^s  oi'  lire  engines, 
or  to  eflimate  the  expanfiuns  of  various  bodies  ;  in  meteoro- 
logy to  determine  the  quantity  of  water  held  in  folulion  by 
the  air,  a  nuantily  which  varies  with  its  temperature  and  its 
dendly,  according  to  a  law  not  yet  alcerlained.  Laflly,  in 
the  conllrufiion  of  tables  of  allronomical  refra^ton,  and  in  the 
application  of  the  barometer  to  the  mealureiuent  of  hi'ighls,  it 
is  indifpenfible  that  we  (hould  accurately  know  the  tempera- 
ture of  the  air,  and  the  law  of  itsdilatoiions. 

Though  thele  con Ij derations  were  of  ihemfelvcs  fufficient 
°  to  render  the  enquiry  into  an  objefl  of  fuch  general  utility 
delirable,  yet  the  difficulty  of  the  refearclies  it  demands  would 
have  prevented  my  attempting  it,  if  I  had  not  been  Itrongly 
engaged  by  Cit.  Berthollet,  wliofe  pitpil  I  have  the  iioiior  to 
be.  I  am  indebted  to  hijn  lor  the  neceflary  means  of  exe- 
cuting this  work,  in  which  I  have  often  been  alliAed  by  hii 

The  firft  firves  (o  introduce  ^¥a^er,  the  fecond  admits  a  thermome- 
ter to  indicate  the  temperiiure  of  the  vnpor,  and  to  the  third  it 
adapted  a  recurved  barometrical  lut>e,  to  nicafuri;  the  elafticity  of 
the  fame  vapsr.  A  vacuum  is  made  in  the  boiler  by  means  of  an 
itiiig  through  a  lube  provided  with  a  Itnp  cock. 
The  apparatus  of  Ziegler  difTiTi  little  from  rhal  uf  Betlancourt[ 
bat  as  Ziegler  did  not  m^k^  a  vacuum  in  his  boiler,  there  is  a  great 
difference  in  their  experiments  and  relults.  See  the  Hydiiulic 
Aichitcflure  of  Prony,  Vol.  II.— G.  L. 
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ftdvice,  and  that  of  Cit.  Laplace.    Thefe  great  authorities 

will  add  to  the  confidence  to  which  my  work  may  be  eh- 

tltled. 

The  experiments  which  I  have  undertaken  on  the  law  of  The  experl* 

the  dibtation  of  gafes  and  vapors,  and  the  march  of  the  ther-  ^^^'^JJV| 

mometer  not  being  yet  completed,  the  only  objed  of  this  me-  parative  expaa 

moir  will  be  to  examine  the  dilatation  of  gafes  and  vapors  at  a  ^**?  ^^  ^iff«rt 

^  *  gtie*  and  vi^ 

determined  eleva  ion  of  temperature,  and  to  (hew  that  it  is  at  a  given  ten 
the  fame  in  all  thefe  fluids.  But  before  I  relate  my  experi-  P«"tttfe« 
ments,  I  think  it  proper  to  give  a  (hort  account  of  what  has 
been  done  on  this  fubjed ;  and  as  I  (hall  make  obfervations 
on  each  of  the  methods  that  have  been  employed,  I  (hall  pre- 
fix this  amount  to  the  examination  of  one  of  the  principal 
caufes  of  uncertainty  to  which  this  fpecies  of  experiments  is 
liable.  Although  it  is  very  important,  and  feems  to  have  re- 
mained unknown  to  the  generality  of  philofophers  who  have 
examined  the  dilatations  of  gafes,  its  influence  will  be  fully 
admitted  when  (imply  pointed  out.  What  I  (liall  fay  of  at- 
mofpheric  air  will  apply  to  the  other  gafes. 

This  caufe  of  uncertainty  is  owing  to  the  prefence  of  water  Water  In  the 
in  the  apparatus.     If  a  few  drops  of  this  fluid  be  left  in  a  re-  g^"^'^  jj 
ceiver  full  of  air,  and  its  temperature  then  raifed  to  that  of  uncertainty, 
boiling  water ;  this  water  when   converted  into  vapor,  will 
occupy  a  volume  about  1 800  times  greater  than  its  primitive 
bulk,  and  will  drive  ofTby  this  means  a  very  con(iderable  por- 
tion of  the  air  contained  in  the  receiver.     It  necefTarily  hap-  Explaoation  oi 
pens  then,  that  when  thefe  vapors  are  condenfed,  and  come"*'' **^*^' 
to  occupy  a  volume  1 800  times  lefs,  a  dilatation  much  too 
great  will  be  attributed  to  the  air  remaining  in  tiie  receiver ; 
becaufe  it  will  be  fuppofed  that  it  was  this  air  which  at  the 
temperature  of  boiling  water  occupied  all  the  capacity  of  the 
re9eiver.     If  the  temperature  be  not  raifed  to  this  degree,  the 
faine  caufe  of  uncertainty  will  not  the  lefs  exid,  and  its  inten- 
fity  will  be  relative  to  the  height  of  temperature :  for  in  this 
cafe  the  water  will  not  entirely  evaporate,  but  the  air  will 
dKTolve  more  of  it  in  proportion  as  its  temperature  is  raifed, 
and  it  will  confequently  receive  a  greater  or  lefs  augmenta- 
tion of  volume,  independent  of  that  occafioned  by  heat ;  fo 
that  as  it  pafles  to  a  lower  temperature,  the  volume  of  air 
which  occupied  the  whole  receiver  will  diminifh  for  two  rea* 

Vox.IH.— NovBMiER,  1SQ2.  P  font. 
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(bnSj  1(1.  bythc  lofs  ofilscaloric;  2d.  by  llial  of  the  water  i 
hdd  in  folulion.  Too  much  dilatation  will  be  here  alfo  allri- 
butcd  to  the  air. 

In  general,  whenever  liquids,  or  even  fultd!i,  as  for  exam- 
ple, muriate  of  ammonia  are  inclored  in  gafes  capable  of  dif- 
folving  them,  or  of  evaporating  at  the  temperature  to  wliith 
thej  may  be  expofed,  errors  in  the  determination  tif  the  gafe- 
Dus  dilatations  muft  ncceflarily  refull. 

Art.  II,  Stiorl  Account  i^ vihat  hat  been  ajitrlained  cnncern- 
i»g  the  Dilatatioa  qfGafa. 

The  dilatation  of  atmofphericair  by  heat  was  known  before 
the  time  of  Amontons;  but  it  appears  that  this  jihilufopher 
was  (he  firft  who  wifiierl  to  know  ihe  extent  for  a  givcii  ele- 
vation of  teraperature.  For  this  purpofe  he  encloft-d  air  in  a 
ball  folderftd  to  the  exlrcmily  of  one  of  the  branches  of  a  n- 
verfed  fyphon,  and  he  plunged  this  apparatus  into  a  ball)  uf 
bot  water  *.  The  air  dilated  by  the  heal  comprelTed  the  mer- 
cury, and  elevated  it  into  the  other  branch  of  the  fyphou  ;  fo 
that  he  judged  of  the  fpring  of  the  air  by  the  height  of  ihe 
mercury  abore  the  level  uf  the  ball. 

From  the  various  esperiirn'tils  made  on  unequal  volumes  of 
^t  he  concludes :  {Mcm.dc  L'Acail.  M^99,   ITO'2.] 

ift.  "That  the  heat  of  boiling  water  has  limits,  beyond 
which  il  does  not  pafs. 

12d.  "  That  unequal  volumes  of  air  equally  augment  the 
force  of  thctr  fpring  by  equal  degrees  of  heat,  and  on  the 
contrary. 

3d.  "  That  the  heat  of  boiling  water  does  not  augment  the 
force  of  the  fpring  of  air  beyond  the  power  of  fuftaining  about 
ten  inches  in  height  of  mercury." 

He  then  proves,  that  however  compreflld  a  volume  of  air 
may  be,  the  heat  of  boiling  water  always  augments  the  forcu 
of  its  fpring  about  one  third  j  that  is  to  fay,  that  a  volume  of 
air  comprefled,  for  exannple,  by  a  column  of  mercury  of  60 
inclief.  will  fuflain  (including  the  weight  of  the  airaofphere) 
at  [he  lemperalurc  of  boiling  water,  a  column  of  mercury  of 

•  The  air  endofcd  in  the  bsll,  nut  being  able  to  rfrape  vAtn 
mercury  is  poured  in,  is  found  a  little  lefs  in  volume  thati  it  niliu- 
rally  is  i  but  if  no  other  prelTure  is  dcfircd  than  that  of  the  »imo- 
ffhere,  it  will  be  very  eafy  to  avuiil  tliis  flight  inconveaience. 

about 
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about  80  inches.     He  concludes  from  this,  ''  That,  the  dune  Much  force  from 

degree  of  heat,  however  fmall  it  may  be,  can  always  more  f°**^  'ncreafc  of 

°  ^        ■  ^  temperature  m 

and  more  augment  the  fpring  of  air,  if  this  air  bears  a  weight  condenfed  air. 

more  and  more  great/' 

Jf  Amontons  had  begun  to  reckon  from  a  degree  of  heat  AmoDtont  had 
better.determined  than  that  whicli  he  called  tcm^ratt,  which  ^  ^^^J^' 
was  then  hardly  pofTiblj;;,  there  might  have  been  deduced  from  ter. 
his  experiments  a  fufficiently  exa£t  dilatation  of  atmofpheric 
air ;  neverthelefs,  as  he  made  them  comparatively  on  volumes 
of  air  of  very  unequal  denfity,  it  may  be  concluded  that  Acw- 
ccer  denje  a  volume  of  air  may  be,  t/ie  augmentation  qfjpring  it 
receives  from  the  fame  degree  of  heat,  is  always  relative  to  that  it 
poffejfed  hrfore  the  experiment, 

Nuguet,  in  endeavouring  to  verify  the  refults  of  Amontons,  Noguet*s  expe- 
found  others  very  different.     In  one  of  his  experiments,  the  S*"*"?^^J** 
Volume  of  air  dilated  by  the  heat  of  boiling  water,  and  the  Amontoot, 
primitive  volume  were  as  2  to  1,  and  in  two  others  as  16  to  I. 
His  apparatus  confided  of  abottlci  which  he  plunged  reverf^ 
into  a  water  bath,  and  elevated  its  temperature  to  that  of 
boiling  water.     It  is  eaiily  feen  that  this  apparatus  is  ex- becaufe  hit  air 
treroely  defe6tive,  as  the  air  was  always  in  con  tad  with  the  ^?*  '*'>  conuft 

witu  water 

water ;  and  befide<,  Nuguet  had  futfered  fonie  wator  to  re- 
main in  the  bottle.  It  is  no  wonder  then  that  he  obtained 
fuch  difproportioncd  and  extravagant  refults.  (Mem,  de  UAcad, 
1708.     Lahirc.) 

This  great  difference  between  the  refults  of  Amontons  and  Lahire'i  repeil-' 
Nuguet  on  the  dilatation  of  atmofpheric  air,  and  the  confide-  tonVe^x^"^' 
ration  thatthoy  had  fubmitted  it  to  experiments  under  uncom- ments. 
mon  circum fiances^  engaged  Lahire  to  purfue  the  fame  ob- 
ject. His  apparatus  was  the  fame  as  that  of  Amontons,  ex- 
.  cepting  that  the  ball  contained  a  tube,  which  he  clofed  afler 
having  introduced  mercury.  By  this  means,  the  mercury  be- 
ing on  a  level  with  the  ball  and  fyphon,  the  air  on  which  the 
experiment  was  made,  was  not  more  pompreffed  than  the  fur- 
rounding  atmofphere.  With  this  apparatus  Lahirc  found, 
that  air  dilated  from  the  degree  of  temperate  to  that  of  boilipg 
water,  could  not  fuftain  a  column  of  mercury  of  one  third  the 
weight  of  tlie  atmofphere  ;  he  then  found  in  another,  the  ther- 
mometer being  lower,  and  the  barometer  higher  than  in  the 
firfl  experiment,  that  the  air  dilated  by  the  heat  of  boiling 
water,  could  not  fuftain  a  column  of  mercury  as  great  as  in 

P  2  iVv^ 
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U^  the  tirft.     Thefe  refults  are  eviiJcnLly  conlradiflor^  ;  bul  La- 

^P  hire  not  fufpefling  any  error,  concluded  thai  it  imift  be  no 

ceirarily  ailotved  that  the  nature  of  air  was  yet  undrfcovered. 
Lthireobjefli  Lahiro,  in  order  lo  gi^'e  a  reafon  (or  the  difference  between 
mnn  nf  NHguct ''"  '■<^f"''*  ^"^  ""ofL-  of  Nuguet,  a  difference  much  too  great 
not  to  be  owing  to  Tome  foreign  caufe,  remarked,  tliat  Nuguet 
had  left  Tome  water  iti  his  apparatus  ;  and  from  hence  he 
judged  that  it  might  be  Ihh  water,  a;  it  changed  In  vapor, 
and  expelled  a  portion  of  the  air  cnclofed  in  the  boitle,  had 
prefented  fo  great  a  dilatation.  He  was  entirely  confirmed  in 
his  opinion  by  the  lefult  of  an  experiment  made  in  Nugiict's 
melhod,  a  little  water  being  1 1; ft  in  the  bottle  j  for  he  found 
that  the  volume  of  air  dilati^d  from  the  degree  of  [cmpersts 
to  that  of  boiling  water,  and  the  primitive  volume  was  as  iS 
and  a  half  to  1.  {Man.  d^  I.'Miul.  17*18.) 
1"-  At  the  fame  lime  M.  Slancari  of  Bologtie  proved,  that  water 
,.  at  an  elevated  temperature  augmented  the  volume  of  air.  To 
thefe  two  philofophcrs  then  is  owing  the  knowledge  of  the  in- 
fluence of  water  on  the  dilatation  of  atmofphcric  air:  but  al- 
though they  placed  It  by  their  experiments  in  [he  clcare/l 
light,  it  has  been  fincc  generallv  mifconceived.  The  great 
variations  in  (he  refulls  of  philofophers  on  the  dilatation  uf 
gafes,  may  likcwife  be  attributed  tu  (he  lillle  attention  that 
lias  been  paid  to  thU  influence, 
I  it  is  known  that  elevationi  in  (he  atmofphcre  arc  given  by 
'"  the  logarithms  of  the  eorrefpondent  heights  of  (he  barometric 
If  the  denfity  of  the  air  were  always  the  fame,  it 
■  would  be  eafy  to  determine  the  height  of  one  place  above  any 
other  known  place  by  barometrical  obfervation.  Whence  it 
becomes  of  importance  (o  diflingiiilh  tlie  caufes  (hat  may  in> 
fluence  the  denfity  of  tlie  air,  in  order  to  make  (he  necellarj 
torreflions  in  (he  heights  given  by  (he  barometer, 
Deluton  the  bi-  Deluc,  who  has  tlirown  fuch  great  light  on  this  branch  of 
philoibphy,  difcovered  that  heat  was  one  of  (he  caufes.  Tliat 
he  might  well  dillinguilh  its  effefls,  he  firft  fought  the  tem- 
perature at  which  (he  logarithms  give  the  heights  without 
I,  and  he  found  by  comparing  feveral  oblervalions 
made  in  fituattons  who(«  heights  he  had  exa^ly  determined, 
BTea^tranK  of  (ha(  this  takei  place  a(  (he  temperature  of  lu"  |of  (he  tliermo- 
-".hthflogi.  ine(er divided  into  80  par(-^,  which  he  calls  ilie  fi-ifd  tempe- 
'*  fature.     I'o  correct  the  vfTcdi  of  heat  abov«  and  bclovr  this 

fiitsd 


ttqucDcc  in  ba- 


DIIATAVION    OV   THh    CASES.  H% 

fixed  poitil,  lie  compared  Ilie  heights  found  bj  the  logBrithnK 
Willi  ihofe  which  he  liad  meafured,  by  altribulmg  to  heat  the 
eiccelR's  and  deficiencc?  of  tlie  lirft  for  the  ft.-cond  j  and  he 
concludes  "  that  near  (he  fixed  temperature,  tlie  correciion  Comaion  fiw 
fiw  a  degree  of  the  thermometer  U  to  the  height  of  Uie  place  t=«P«»'"«- 
:j  1  :  21  5"  {RechtT.furleimodif.  de  I'at.  IV.  part.ch.  III.) 

Colonel  Roy  difcovered  a  much  grealiT  dilatation  in  air.  ColontI  Roy"« 
According  to  him  near  (he  15*  of  the  tlierinomeler  divided  '^*;^ 
into  80  parts,  the  air  dilates  -^fy  of  its  volume  for  each  de- 
gree.    He  likewife  found  that  humid  air  dilates  much  more 
Ihandryair;  but  SaulTure  obfervcs,  that  Colonel  Roy  having 
introduced   into  hi&  manometer  either  liquid  water,  or  the 
npor  of  water,  confounded  two  things  which  ought  to  be  buihcprDdaced 
feparaled,    namely,  the  converfion  of  water  into  an  cIaftic"™**"P?'/^' 
fluid,  and  thedilalation  of  air  united  with  fucii  vapor.  (Phil. 
Tranfaft.   1777,  p.  70+.) 

SauflUre  lixes  the  dilatation  of  air  near  the  6lh  degree,  at  De  SiuOiirc' 
j-^  of  its  volume  for  each  degree.     His  experiment*  wero' 
made  in  a  great  receiver,  in  which  were  encloled  a  thermo- 
meter aud  barometer,  to  indicate  the  variations  of  the  lem- 
pctiture  of  [he  air,  and  the  correfpondent  elaflicily  it  would 
acquire.     To  difcover  the  influence  of  water  on  the  dilala- 
tion  of  air  he  enclofed  in  his  receiver  air  more  or  lefj  dry,  and 
avoided  the  produflion  of  new  vapors.     He  was  fo  far  from  He  avoided 
finding  tills  air  more  dilatable  than  very  dry  air,  that  he  on  the  •"^''^™,*^ 
contrary  thought  very  dry  air  was  a  little  more  dilatable  Ihan  in  thl>  cife 
very  moifl  ;  but  always  holding  its  water  in  perfeft  folulion.  ^"'"''''1"^'"' 
{EjPuJUr  VJiy^romciric.  p.  108.)  JJ/."^  *"■'■ 

Till  this  period  philofophcrs  had  confined  themfelves  lo  the  The  giret  wer« 
dilatation  of  almofpheric  aJr,  and  I  he  firlt  who  examined  thai  ""'^"  *"* 
of  the  other  gafcs  was  liio  celebrated  Prieliley.     The  fallowing  Prieftliy'i  «ipe. 

.   u  hi»  procefs :  limena. 

r      After  having  lilted  a  phial  of  gas  over  mercury,  he  adapts  jhe  gas  «ai  re- 
to  it  a  bended  lube,  one  nt'  its  branches  being  very  inclined, 
and  he  leaven  a  little  of  die  mercury  in  the  neck  of  the  phial,  ex7>nl!on  n" 
tJiat  the  expanfion  of  the  gas  may  make  it  pafs  into  the  tube.  liced  i:\ »  re< 
This  done,  he  places  his  apparatus  in  a  box  of  wood,  joins  a'""*'  '"'"• 
thermomeier  with  it,  and  lakes  it  into  aparlmenls  of  different 
tempemtures.     The  dilated  air  caufu-s  tlie  mercury  lo  pafs 
ihroagh  a  greater  or  lefs  fpace  in  the  lube,  and  by  this  fpage 
meafured 
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meafured  in  inches,  FjicMey  difcovercd  the  dilatations  of  th« 
differcnl  gafcs.  As  a]]  tliefe  experiments  were  made  with 
(he  lame  phial  and  tube,  which  he  probably  always  inclined  in 
the  fame  angle,  they  gave  a  comparative  reluU  between  the 
dilatations  of  the  diflerent  gafes,  but  not  the  ablolule  dilala- 
dons  ;  becaufc  for  (his  purpofe  he  ought  lo  have  known  the 
capacity  of  the  part  of  the  tube  paffed  through  by  the  mercury 
relative  lo  that  of  the  phial,  and  to  have  known  exaflly  the 
•  inclination  of  the  lube.  Prieftley  fays  nodiJng  of  this.  I  will 
no  longer  til  en  difcufs  bis  experiments;  particularly  as  Prie  I  tley 
hiinfelf  does  not  place  much  confidence  in  them,  and  willies 
them  lo  be  repeated  in  a  belter  manner, 
u  Suppofing  equal  volumes  of  different  gafes,  tlie  expanlions 
'  meafurcd  in  inches  on  the  tube  would  be  lor  4",  4+  of  the 
theimometer  divided  into  80  parts. 


1,32 
2,03 

2,02 


Common  air  -  -  - 

Hidtogen  gas  ... 

Nitrous  gas  ... 

Carbonic  acid  gas    .     -  -  -  -       2,2Q 

Muriatic  acid  gas  -  -  -        •      1,33 

OKigen  gas        ...  -  .  2,21 

Azote  gas  -  ■  -  -  -1,65 

Sulphuieous  acid  gas  .  .  -  2,37 

Fluoric  acid  gas  ....       2,83 

Aramoniacal  gas  ...  4,75 

(Exp<-T.  and  Obfer.  &c.  Book  VH.  Se&.  VI.) 
In  3  memoir  printed  among  thofe  of  the  Academy  for  the 
year  178?,  Citizens  Mungc,  Berthollet,  and  Vandcrmonde, 
concluded  from  experiment,  that  for  one  degree,  almofpheric 
air  dilates  ttt.ti  *>*  '''  volume,  and  hidfogen  gas  rrr.trs- 

At  length  Cit.  f?oytoii"eonfidering  the  variations  in  tlie  re- 
fult',  on  the  dilatation  of  almofpheric  air,  and  that  there  wert^ 
no  direfl  experiments  to  determine  the  dilalalion  of  gafcs  at 
degrees  of  heal  a  litlle  elevated  or  olherwifc,  undcrlook  with 
Cit.  rJuvernnis  lo  examine. thii  objefl:  As  their  work  is  the 
nioft  recent,  I  Ihal!  endeavour  for  a  moment  lo  difcover 
what  may  hnve  afieded  (heir  refuHs. 

Their 
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Their  apparatus  was  conipofed  of  a  body  with  a  bended  Their  cipal* 
ivbe,  h^  which  means,  the  ^'ir  expelled  by  heat  from  the  body,  i-jj^  g'j^,  ^^^  g^. 
was  received  in  a  jar  on  the  pneumato  mercurial  apparatus,  tnided  from  a 
TTiebody  filled  with  the  gas  on  which  the  experiment  was  ^o  ^^^^^  ^^ 
be  made,  was  plunged  into  a  bath  at  the  temperature  of  melt-  this  excefsre- 
ing  ice,  and  was  kept  down  by  an  iron  cover.     The  bath  was  ^**^^  **♦*  *'■*'* 
fucceffively  heated  to  the  degrees  20,  4-0,  60,  and  80,  and  they 
collected  in  feparate  jars  the  produ6ts  of  the  dilations  for  e^h 
of  thefe  degrees.     They  then  determined  the  volumes  of  air 
expelled  from  the  body  by  meafuring  them  in  their  refpe^ive 
jars  after  haTing  reduced  them  to  the  temperature  of  melting 
ice,  and  they  determined  the  volume  of  that  remaining  in  the 
body.*     But  letting  afide  that  their  apparatus  obliged  to  af-  Objedioiu 
certain  many  data  which  mufl  have  been  an  obje^on  to  the 
exadnefsof  their  refults,  I  remark  that  after  the  immerfion  The  mereory  m 
of  the  bended  tube  in  the  mercury,  as  they  did  not  introduce  the  tubs  difturli- 
new  air  into  the  receiver  to  difplace  the  mercury  which  had 
entered  the  tube  by  reafon  of  the  preflure  of  the  mercury  in 
the  trough  feveral  degrees  of  heat  muft  be  required  before  any 
bubble  of  air  can  come  out ;  fo  that  had  they  reckoned  from 
diviiions  more  nearly  together,  as  from  5^  to  5®  they  would 
have  concluded  that  from  zero ;  the  firft  degrees  of  heat  do  not 
caufe  the  different  gafes  to  undergo  any  dilatation.     Hence 
they  found  for  the  Cud  twenty  degrees  a  dilatation  much  too 
weak  for  the  gafes  in  general. 

This  caufe  of  error,  tho*  great,  would  not  have  made  the  Their  retort  or 
refults  of  Citizens  Guyton  and  Duvernois  fo  far  from  the  trutJr*^®**^  doet  not 
had  there  not  been  a  dill  greater.     I  fufped  then  that  their  re-  been  dry  enough, 
ceiver  was  not  fufficiently  dry,  and  that  ^  little  water  might 
have  been  introduced  with  the  gas.     In  fa6t»  a  decigramo^e  of 
v^ater  would  have  been  fufficient  to  have  influenced  their  re- 
fults very  confiderably,  particularly  in  the  higher  degrees  ;  for, 
a$  it  changed  into  elaflic  fluid,  it  would  have  expelled  a  great 
Guantity  of  the  air  from  the  receivers. 

The  increafing  progreflTion  which  they  obtained  in  all  the  And  from  thli 
jgafes  is  this  way  explained,  whilft  they  ought  to  have  obtained  ""^*  the  expan- 
a  decreafe  of  volume  in  the  products  of  each  dilatation  were  gnlttA^tht 
reduced  to  the  temperature  of  melting  ice..  I  fliall  obferve  that  l»'ghcr  temper- 
Cit.  Guyton  exprefles  himfelf  thus  relative  to  the  dilatation  of '^'*'"" 

ft 

*  Annales  de  Chimie,  Vol.  !• 

hldrogen 
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hidrof^en  gas,  (Annales  de  Cliimie,  lom,  1.  page  284.)  "  The 
"  fuur  piodufls  of  ihe  dilataiioii  were  in  this  cafe  rweived  in 
"  a  velTcI  which  wa?  Turfouoded  willi  another  velTel  filled  with 
"  ice,  Notwithliandiiig  ihis,  Ihe  mercury  of  the  trough  in- 
'f  dicaled  by  the  thermi-meter  2,  3,  4,  C,  degrees  above  zero, 
"  whilH  [he  water  of  the  bath  v/ts  at  the  fame  time  ai  '20,  W, 
"  60  and  BO  degrees,  which  may  have  occafioned  foine  inac- 
"  curacy  in  ihe  valuation  of  eaeli  of  thefe  produfls  ;  but  this 
"  cannot  be  of  greaf  confequence,  the  dilatation  being  very 
"  little  in  ihefe  fiill  degrees." 

Hence  it  may  be  inferred  that  thefe  philofophert  did  not  pay 
inotc  attention  to  reduce  the  volumes  of  ihe  other  gaJei  to 
zero;  and  if  that  was  the  cafe,  this  would  be  another  caufe  of 
uncertainly  in  their  experiments. 

By  comparing  the  volumes  of  gafes  remaining  in  the  retort 
■with  thofc  expelled  by  heat,  Cit.  Gujton  and  Duvernois  found 
that  oxigen,  liidrogenou^  and  carbonic  acid  gafes  and  atmof- 
pheric  air  underwent  a  dirainulion,  and  Uiey  attributed  the 
caufe  of  it  to  the  combinations  which  had  taken  place  duriiig 
the  time  of  performing  the  experimeiils.  Yet  when  1  ufed 
very  pure  mercury,  deprived  of  osidL',  I  could  not  obferve 
ftny  fenfible  action  between  this  metal  and  the  gafes  tirom 
temperature  of  mk-'lting  ice  to  that  of  boiling  water. 


fTo  be  concluded  ii 
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tfefcTiplion  of  a  new  Secret  Lock.     B</  J.  B.  Berard.    ^ 
Prtliinmiiy  liific&iont.  •! 

r  OOME  machines  are  fo  eminently  nfeful  as  to  require  no  di£> 

cuilion  in  that  rt-fpofl.  They  are  highly  intereiling  to  th« 
wholfl  of  fociely.  Locks  are  of  this  number.  They  are  a  de- 
fence fupplementary  to  the  laws,  and  a  remedy  for  the  confe- 
quences  of  immoral  ;y.  From  the  lowell  to  the  higheil  ranks 
in  the  IJale,  there  is  no  one  who  does  not  derive  daily  advaik- 
tage  from  this  invention.     And  accordingly  different  arlifii 


*  From  bis  Melanges  PhyCco  Math  em  ati  quel,    Paris, 
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j  hive  fuccefsfully  employed  themfclves  upon  them,  lo  the  pro- 
r  dufiion  of  fecret  locks,  exhibiting  different  degrees  of  ingc- 
I  auit/. 

But  it  isnot  fulHcient  that  this  inJtrumenl  (liouM  contain  a  ought  not  to  iJ-1 
'  fccret  difficult  to  be  developed  by  the  (kilful  melhod  of  con- i"'J,^',^|^"* 
I  cealment.     The  proprietor  of  this  lock  mull  ulways  have,  as 
)  partners  wllli  him,  not  only  the  maker,  but  alfo  hU  friends, 
his  donieftics,  and  generally  every  pcrfon  who  ponefPcs  a  lock 
condruflect  on  fimilar  principles.     The  queAion  to  be  folved 
remained  as  follows: 

To  invent  a  lock  which  cannot  be  opened  but  by  Ihe  pro- E nunc; ician  of 
pricLor,  of  which  (he  conllruflion  fliall  be  Jimple  and  eafy,  J^'P"**'™"'^* 
defended  againll  all  internal  derangL'tnent',  and,  laAIy,  ca- 
pable of  being  readily  opened  by  the  proprietor. 

By  reflefling  on  the  conditioni  which  a  perfefl  lock  ought  Candjtiao  ih>( 
to  include,  I  was  naturally  led  fome  years  ago  to  this  refultj  ^°,'",'^*"''* 
namely.  Thai  Ihe  fecret  of  the  lock  ought  to  be  variable  at  piufuTc. 
pleafure*,  or  at  leall  that  the  fecrefs  fliould  be  fo  multiplied, 
that  it  Ihould  be  morally  im[>oflible  for  the  workman  who  con- 
Anided  ihe  lofk,  or  any  other  perfon,  to  conjeflure  which 
•inong  them  all  Hie  pruprietar  might  have  chofen  at  Ihe  time. 
I  foon  afterwards  contrived  fcveral  kinds  of  locks  founded  on 
this  general  principle. 

By  continuing  to  attend  lo  this  objefl,  I  foon  found  thai  Otherj  u  «tll 
others  before  ifle  had  arrived  at  the  fame  refjilj  and  had  pub-  "^  lutla^Out 
£lhed  locks  formed  on  the  theory  of  combinations.  obpkt. 

AsGmplicily  is  one  of  the  moft  ellcutia!  conditions  of  IhisSimplicitj'm 
purfuil,  and  there  arc  thoufands  of  ways  of  applying  tlieprin-jj^""  "^ 
ciples  of  combinations  to  the  conflru6)ion  of  locks,  I  thought  it 
would  not  be  without  utility  to  explain  the  different  rcfults  [ 
have  obtained.  For  it  will  not  be  (ill  after  having  compofed 
the  mod  happy  combinations,  tliat  we  can  hope  lo  arrive  at 
that  fimplicity,  without  which  a  lock  of  this  kind  would  be 
more  curious  than  ufeful. 

I  (hall  firft  defcribe  ihe  lock  which  appears  lo  me  lo  be  the  Theiothot'* 
befi  among  thofe  I  have  thought  of.     I  (hall  afterwards  com-  '"^^j*  ^ 
pare  it  with  that  invented  in  1777,  by  Cit.  Keguier,  and  de.of  Xe^ui 

*  This  principle,  which  i«  appplied  in  the  well-k 
Braviali,   was  explained  to  mc  in  coo rerfa lion, 
,   hia,  in  1707. 


icribed  as  ihe  tuofi  perfefl,  in  tiie  art  ol'  lock -m liking  (Sti-ntrifJ 
in  ifie  Encyclopudie  Muihodique,  I  (hall  [hew  lliat  the  lock 
of  Reguier,  as  well  as  many  others,  contains  an  inijierreaioii, 
flr  ratiier  a  radical  deled.  wliii;h  ufcapcd  the  inventor,  and 
renders  its  other  properlit;s  of  lilllo  value  *.  It  will  be  feen 
how  I  have  avoided  this  defefl  in  mine  And,  lafily,  I  Hull' 
concifdy  defcribe  funie  other  fyflcms  of  locbs  wliich  feeni  to 
offer  particular  advanlagi-i,  but  which,  nevcrthtlels,  do  not 
poflef*  the  fame  degree  of  penfcelion  as  that  to  which  I  have 
given  the  prefeieiice; 

fyeftriptrtmaflkeiitw  Lixk. 

irtTcwbr  ie-         The  front  of  this  lock  cdiififls  of  a  plate  230  milllinefrei  f  in 

'^".kck"*^''"  length,  67  inwidlh,  and4-or  ilhick.     Along  the  middle  line 

aredifpofed  five  nuls  or  fcrew  heads,  of  13  in  diameter.     In 

.  .  tiie  centre  of  thefe  nuts  is  a  fquare  flem  of  5  in  the  fide,  which 

cndaiu  a  fcrew. 

This  fquare  ftem  carries  immediately  on  the  other  flde  of  the 
plate,  a  round  plate  of  33  in  diameter  and  3  thick,  hiving  a 
fi^are  hole  in  the  center,,  and  having  2-V  (cclh  in  it!;  chcum- 
fcrencc,  wilh  fpars  betwLvn  them  equal  to  iho  teeth.    ' 

Upon  this  round  plate  b  placed  a  cyllndrit^al  cup  or  fcrril. 
having  its  bottom  in  conta^  with  that  wheel,  and  conneflcd 
with  iLby  tiie  fti;m,  whic]i  paffes  through  a  round  hole  in  its 
center,  and  binds  it  down  by  the  fcrew  nut.  This  ferril,  of 
■which  the  thickncfsis  2  and  the  height  about  29,  has  a  promi- 
nent flud  at  its  flat  face,  which  entering  between  any  two 
teeth  of  llie  wheel,  fervcsKi  vary  at'pleafure  iho  relative  pofi- 
■  tions  of  the  wheel  and  ftrcil  at  the  timt-  of  fcrewing  them  tn- . 
gcther,  Laftly,  Thf  ferril  lias  21  teetli  cut  in  its  edge,  having 
&  fpece  of  about  +  between  each.  Thfli.-  teeth  are  abmit  3  in 
depth,  excepting  one  of  the  intervals  wliith  js  cut  lo  ihc  depth 
of  6.     We  (hall  hereafter  explain  the  ufe  of  this  depth. 

•  Cit,  Reguier  has,  neverthekfs,  the  honour  of  being  the  firtt 
who  ne«r!y  rtfoked  thi«  problem. 

f  To  avoid  fraftions,  I  httvc  not  reduced  thefe  mealurss.  A* 
the  metre  is  39.371  iaches  (Pliilor.  Joutn.  11.'  3S0J,  it  will  be  fuffi- 
ciently  near  if  the  reader  multiplies  the  numbers  in  the  text  by  4, 
and  then  cuts  off  two  figures :  Thus  !30K-t=:J.2O  inches,  or  3i 
mehn.— >N. 

Ti>c 
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The  fiice  of  the  lock  is  fitted  up^  as  we  have  obferved^  with  Conftniaioii  of 
five  fcrew  heads.     The  middle  ftem,  inftead  of  being  provided  *  ^Jf'  ^^  ■•- 
with  a  wheel  and  ferril  like  theothers,  has  a  wheel  of  4-5  in  di-^heMMficigf* 
ameter,  4  in  thicl^ncfs^  and  has  24  teeth  of  the  depth  of  3. 

Fig.  1.  PI.  II.  reprefents  the  face  of  the  lock.  A  Bis  230, 
A  A  67^  and  the  five  fcrew  heads^  R,  are  fpace'H  at  equal 
dtfiances. 

Fig.  2  reprefents  the  infide  of  the  lock  without  its  bolt. 
.The  plan  of  the  four  ferrils  wilh  their  fcrews,  together  with 
|the  middle  toothed  wheel  and  the  heads  of  the  nuts,  arc  vifible, 
)but  the  four  flat  wheels  are  concealed  beneath  the  ferrils. 

The  ferrils  are  inclofed  in  a  redangular  box,  2  in  thicknefs, 
and  about  28  in  height  at  the  longer  fides.  The  (horter  are  34 
in  height,  and  have  an  excavation  or  notch  in  them  to  tlie 
depth  of  8.  The  (ides  of  this  box  are  at  the  di  (lance  of  6  fh)m 
the  ferrils  end  wife,  but  only  2  as  to  the  breadth.  The  didance 
between  the  middle  wheel  and  the  nearcii  ferrils  is  alfo  2,  but 
that  between  the  contiguous  ferrils  is  5. 

In  the  four  inner  angles  of  the  box  are  fixed  four  pillars, 
P  P  P  P,  inthicknefs  6,  in  width  1 3,  and  about  35  above  the 
plate.  Thefe  pillars  have  at  their  extremities  a  rc^angular 
groove  for  the  bolt  to  Hide  in,  and  they  are  fixed  by  fcrews  to 
the  long  faces  of  the  box,  and  by  rivets  to  the  end  plates.  The 
iquare  frame  of  the  box  is  failened  to  the  face  by  two  cocks 
Z  Z,  which  receive  fcrews. 

The  bolt  is  conilruded  as  follows :  A  thin  bar  of  iron  is 
Uken^  of  which  the  width  C  C,  Fig.  3,  is  67,  and  the  length 
C  D,  which  is  variable  towards  D,  is  310  from  F  to  C.  It  it 
fitted  with  two  edge  bars  C  F,  C  F,  of  which  the  width  is  5,. 
and  another  C  C,  only  4.  At  the  end  wliic  h  is  to  form  the 
part  of  the  bolt  to  (hoot  out,  a  plate  F  F  D  D  is  fixed,  of  the 
fame  breadth  as  C  C,  but  in  length  arbitrary.  The  depth  of 
the  three  edge  bars  is  6|,  and  cannot  be  fcen  in  the  figure. 
That  of  the  end  plate  depends  on  the  (Irength  intended  to  be 
given. 

The  two  lateral  edge  bars  C  F  have  near  their  extremities  a 
projedion  x  3/,  jf'  a"*,  which  exceed  the  edge  bur  by  3,  and  do 
not  come  down  to  the  face  of  the  bolt  by  an  interval  of  3.  In 
thefe  foar  fpaces  the  extremities  of  die  pillar  flide,  and  they 
ibemfelves  receive  the  proje^ions  x  a^,  xf'  x"^  in'ltheir  grooves. 

3  The 
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In  order  to  complete  the  bolt,  il  only  remains  to  fix  its  rack 
and  its  four  pinscorrefpoiiding  with  tlie  fourferril?. 

The  rack  ii  a  reclangle,  of  which  the  length  is  M  N,  Fig.  5, 
equal  to  c;7,  the  breadth  ot  depth  MM'  33,  and  the  thick  nefs, 
which  could  not  be  (hewn  in  this  figure,  15  +,  and  may  be  feen 
in  Fig.  3.  Til  is  parallel  o  pep  idon  is  fixed  perpendicularly  upon 
Ae  bolt  at  M'  N',  Fig.  3,  by  two  projefting  riveU  K  K, 
Fig.  5. 

The  rack  is  notched  ft)  as  to  form  in  its  length  M'  N',  13 
(eeth  of  5  in  depih ;  fo  that  il  refembles  a  comb  with  very 
fliort  teeth.  Tlie  fpaces  are  wider  than  the  teeth,  and  they 
are  rounded  on  thclidc  which  locks  into  (he  wheel. 

The  lingle  tooth  or  pin  which  is  intended  to  correfpond  to 
each  of  the  ferrils,  is  formed  nf  four  parts,  fland  up  at  right 
angles,  ai  is  leen  in  Fig.  +.  O  H  is  the  pin  properly  fo  tailed, 
rivetted  perpendicularly  in  the  bolt  by  the  fmall  fquarc  extre- 
mity  H.  1  I  are  two  fmall  wedges  which  precede  the  tooth. 
OH  is  11,  and  I  I  \6. 

The  diftance  of  Ihe  tooth  or  (lud  O  from  the  line  C  C,  Fig. 
S.  is  39;  that  of  O'Js  118,-  that  of  O"  h  169;  that  of 
O'"  24B. 

The  little  wedge  whicli  precedes  the  tooth,  is  6  in  lenglh 
mnd  3  in  height.     We  lliall  hereafter  fee  the  ufc  of  thin. 

From  the  pofilion  of  liiefe  four  fluds  il  follows,  that  when 
they  are  lodged  precifely  in  the  thicknefs  of  the  fcrrils,  the  two 
estrerae  fcrrils  muft  have  llieir  long  notch  or  aperture  direflly 
towards  the  extremities  of  the  lock,  and  thofi:  of  the  inlcrme- 
diale  ferrils  will,  on  (he  contrary,  huve  their  apertures  both 
turned  towards  the  middle  wheel.  We  (liall  fee  alfo  that  it 
ibilows,  that  when  the  lock  is  open,  Ihefirllpin  O  is  out  of  the 
lock  in  the  groove  cut  in  the  door ;  the  tooth  O*  is  within  the 
fecond  ferrol  \  the  lootli  O'  i  n  the  fpace  above  the  wheel ;  and 
the  tooth  O"'  williin  the  fourth  ferril.  And  the  contrary  is 
(he  cafe  when  the  door  is  (hut. 

In  order  that  the  bolt  may  flop  at  ihc  fame  point  when  the 
door  i*  open,  there  is  a  fiaali  protuberance  X  or  X'".  The 
toflh  O,  O',  O",  O'",  are  then  fufficientJy  diftinfl  from  the  fer- 
riU  to  allow  of  llieir  being  moved  or  fel. 

And 
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And  To  likcwtfe  in  order  to  (lop  the  bolt  al\rays  at  the  lame  Gonfbodiao  •! 
point  when  (hut,  there  is  fixed  at  Q,  near  the  (hort  edge  bar,  a  !^??i??  * 
fcrew^  the  head  of  which  (lands  higher  than  the  face  of  the  bok,  the  yrojitaiof^ 
and  flops  it  by  taking  againd  the  box.     When  the  bolt  is  re- 
quired to  be  taken  out,  this  fcrew  is  drawn  back  a  little,  and  it 
pafTes  clear  of  the  edge  bar.     The  fame  effed  might  be  ob- 
tained by  putting  an  interior  flem  to  the  handle,  which  (liall 
Hop  the  bolt  when  the  door  is  locked,  which  takes  place  when 
the  points  X  and  X''  coincide  with  the  faces  of  the  pillars  to- 
vrards  the  knob  Q.    This  knob  is  alfo  of  ufe  to  open  or  bolt 
the  door  within.     Tlie  pofition  of  the  knob  Q  is  fuch,  that  the 
circumference  of  its  fcrew  (lem  is  a  tangent  to  the  line  X  X. 

The  key  remains  to  be  defcribed :  This  is  a  circular  plate  or 
difc.  Fig.  6,  of  50  in  diameter  and  3  in  thicknefs.  Its  cir- 
cumference is  divided  into  2-^  parts,  carrying  circularly  the  24 
letters  of  the  alphabet,  leaving  out  K.  It  has  a  handle  in  the 
form  of  afemiellip(is^  to  turn  it  with  the  finger  and  thumb,  and 
this  handle  carries  on  the  other  fide  of  the  plate  two  fmall  flee! 
points  T  T,  of  about  3  in  length,  which  enter  into  the  holes  of 
the  fcrew  heads.  Laflly,  Tiiis  plate  has  an  opening  in  itf 
center  about  20  in  diameter,  to  allow  the  points  to  be  vi(ibl« 
when  applied  to  the  fcrew  heads. 

There  are  alfo  marked  on  the  face  of  the  lock  five  fmall  flare 
or  lozenges,  to  ferve  as  (lation-points  for  the  key ;  and  alfo  five 
fmall  holes  near  one  of  the  two  holes  of  the  fcrew  heads.  Thefe 
fmall  holes  ferve  as  an  indication  to  apply  the  key  always  in 
the  fame  manner,  by  putting  the  fame  point  in  the  fame  hole. 

The  pofition  of  the  four  flars  corrcfponding  with  the  fer- 
rils,  mud  be  determined  with  great  care  and  precifion.  For 
this  purpofe,  the  ferrils  mufl  be  placed  fo  that  their  openings 
ihall  be  in  a  right  line,  and  the  holes  of  the  fcrew  heads  in  a 
vertical  line.  The  bolt  is  then  to  be  introduced  by  engaging  it 
in  the  grooves  of  the  pillars,  fo  that  the  four  teeth  or  pins  may 
be  lodged  in  the  thicknefs  of  the  ferrils.  The  turn-fcrew  i& 
then  to  be  inferted  fucceHively  in  the  holes  of  each  fcrew-head; 
obferving  that  the  letter  A,  having  its  mark  didinguifhed  by  a 
diamond,  (hall  be  turned  towards  the  fame  fide  as  the  fmall  in- 
dicative point  placed  on  the  fcrew-head,  and  then  a  point  mud 
be  made  on  the  face  of  the  lock  to  correfpond  with  the  letter 
A  of  the  key.     At  this  point  the  dar  is  to  be  rnadt^  which  will 
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Conftniabn  of  I»  very  nearly  in  a  vertical  line  :  but  it  may  cafily  be  imagined 
»ftcm  lutk  «-tI,at  it  tt-iU  not  be  esaflly  fo,  unlefs  the  lluds  of  die  boh  Ihould 
^1,.,  ||-||  I  cxa^y  till  the  fpaces,  fo  as  to  leave  no  Sliakc.  The  Itith  liar 
(orrefponding  to  the  center  wlieel,  is  merely  ornaniental. 

In  thisdirpufitionorthe  lock  we  may  nflirm,  thatit  is  adjufl- 
cd  lo  the  word  A  A  A  A. 

InordLT  to  change  the  fecrot,  andadjuft  llielocfcto  the  word 
hing,  for  example,  ihefirft  fcrew-head  mud  be  turned  round  lo 
the  left,  until  the  leller  L  of  the  key  coincides  with  the  flar. 
In  the  fuine  manner  the  letter  O  ij  made  to  coincide  with  the 
fiar  of  the  fecond  fcrew-hcad;  the  letter  N  with  (hat  of  the 
third;  andthaloftheletterG  wiUithelburth,  The  flat  wheels 
remaining  in  (hat  palilion,  the  ferrils  are  (ben  to  bedifpofed  in 
a  right  line,  and  the  fecret  will  confiil  of  the  word  long.  The 
IhiU  is  then  lo  be  pul  in  its  phce,  and  the  handle  turned  to  ad-> 
liince  its  Hop. 

When  the  lock  i^  lo  be  ftiut,  tlie  fcrew-heads  miift  be  dif- 
pofed  fo  as  lo  form  the  word  Img ;  and  in  (bii  pofition  Ihe  bolt 
may  be  moved  backward  and  forward  by  turning  the  middle 
wheel.  If  one  or  more  of  llic  Icrew-heads  be  deranged,  the 
b'jlt  is  locked  tall.  But  in  orderloopen  il,  the  fame difpolitiun 
inuli  be  made,  and  the  bolt  may  again  be  moved. 

We  nay  obferve  that,  when  the  fcrew-headi  are  deranged, 
the  bolt  nevertheleli  is  capable  of  moving  through  [he  fpace  of 
It,  arifing  from  the  Itze  ofche  ferrils ;  which  affords  an  advan* 
tugefor  uliiig  it  aiafimple  bolt,  to  be  ptit  backwards  and  tor- 
wards  wiibia  the  chamber. 

[-■;■.(  I,€amdad<-d.} 
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Clicap  Mttiiad  of  producing  Light. 

Mr.  EZEKIEL  WALKER  informs  me  that  he  has  difco- 
vered  a  cheap  method  of  producing  light,  which  feems  to  pot 
tcfj  advantages  much  fu per ior  to  tlie  counion  modes  of  itlumi- 
iiatiun.  This  light  genciatei  uo  fmoke,  and  require)  not  the 
aid  of  fnufTen,  - 
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On  the  Ittjit^aion  dfobfcure  Heat. 

C.  Pixel's  experiment  related  in  his  eflay  on  fire,  to  prove  Pi^et'i  expert, 
the  reflexibility  of  obfcure  heat  is  well  known.     It  confiils  in^f^  ,^ 
placing  oppofite  to  each  other  two  concave  metallic  mirrors,  mirrors 
In  the  focus  of  one  is  placed  a  hot  but  not  luminous  cannon- 
ball^  in  the  focus  of  the  other  a  very  fenfible  air  thermometer^ 
and  the  latter  is  foon  feen  to  rife  rapidly. 

The  fame  philofophcr  has  fincQ  publi(hed  fome  other  experi- 
ments on  the  fame  fubjcdl. 

Having  employed  a  lighted  candle  inftead  of  the  cannon-  GUTt  intercepted 
ball,  he  placed  between  the  two  foci  a  plate  of  very  thin  ^'^^ar  ^j^  5^^"' ■"* 
tranfpart-nt  glafs,  and  which  intercepted  the  light  very  little : 
the  thermometer  indicating  the  tranfmiilion  of  heat,  flopped 
that  inHant. 

The  two  mirrors  were  placed  at  the  didance  of  25  metres  Dlftance  of  mlr. 
(yards)  one  from  the  other,  in  order  to  determine  whether  the  "*"  *^  mctrei. 
time  of  the  propagation  of  the  radiant  heat  from  one  focus  to 
the  other  could  he  appreciated.  A  heated  but  not  luminous 
ball  was  fufpendcd  at  one  of  the  foci,  before  which  a  fcreen 
was  placed.  At  the  inftant  that  this  obflacle  was  removed,  the 
fluid  of  the  thermometer,  which  was  before  perfe6lly  at  reft, 
began  to  move,  and  no  feniible  interval  could  poffibly  be  per- 
ceived between  the  fupprelfion  and  the  eflfeds  of  the  tranfmitted 
heat. 

C.  Piflet  relates  tliis  experiment  in  the  Bibliotheque  Brltan-  The  heat  wm 
nique,  in  fupport  of  the  opinion  he  had  advanced  in  his  efray*"?*"^^  ^">^- 
on  fire,  that  ii^^ht  and  heat  are  not  the  fame.     This  opinion  has 
fince  been  renewed  by  M.  Herfchcll. — Bulletin  des  Sciences, 
^'o.  62. 


'  On  certain  Padls  commonly  ur^ed  agalnft  the  DoBrine  of  two 
EkSlric  Fluids.  By  Clt,  Tu emery.  Engineer  of  Mines. 
(BulL  dcs  Sciences,  No.  63  J 

Amoijg  the  fads  which  have  been  offered  in  fupport  of  The  experim^t 
Franklin's  hypolhefis  of  a  fingle  elearic  fluid,  the  moft  re- J^^P^ffi^«^«  . 
raarkable  is  the  following,  (commonly  called  Lullin*s  card,  LuUin'i  card, 
from  the  inventor  of  the  experiment). 

Having  placed  between  two  metallic  condu6lors  a  card, 
which  touches  each  of  them,  by  its  oppofite  faces,  in  two 
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^m  different  poinis,  a  (Irong  eleflrlc  cliarge  U  patTcd  ihrongTi  Ui« 

WM  apparatus.     At  the  itiDatit  of  the  opemlion,  it  luminnus  flalh 

i-  palles  from  the  pofilive  conduflor.  Aides  along  the  fiirlace  of 

ptnrtTittJ  oppo-  the  cart),  and  perforates  it  oppofile  the  negative  conduflor. 

flic  ihe  Mg.  ton- -j-j^j^  happens  even  when  the  card  is  perforated  bcforeliand 
oppotite  the  pofilive  conduflor. 

PFrom  this  fafl  it  has  been  concluded,  that  in  order  to  fup- 
port  the  theory  of  two  fluids,  we  muft  fuppofe  that  one  of 
them  cfcapes  from  bodies  and  produces  light,  while  the  Other 
remains  inherent  *.  Cit.  Tremery  deftroys  this  reafoning  b/ 
the  following  experiment : 
Thii  doci  not  He  places  the  card  and  the  two  cnnduflors  under  the  re- 
hjppeo  ia  rue-  (.giver  of  g^  air  pump,  and  in  proportion  as  the  air  is  ex- 
haulled,  the  place  of  frafture  happens  nearcQ  the  pofitivc  con- 
duflor  i  and  when  the  air  is  halt  eshaufled,  tlic  point  is  pre- 
cifely  at  the  middle  between  the  Iwo  conduflors.  At  every 
dlfcharge  a  luminous  trace  ifl'ues  from  each  conduflor  along 
ihe  furface  of  the  card  to  the  place  of  inlerfeflion. 
Ml.  From  this  experiment,  Cit,  Tremery  toncludes  that  the  at- 

mofplicric  air,  in  its  ordinary  ftale,  refiftj  the  paffage  of  the 
negative  more  than  tlie  pofitive  fluidt.  Thefe  refiflancesarc 
dillinguilhed  In  difTereut  ratios,  with  regard  to  the  two  fluids 
as  the  air  bccomei  lefs  denfe,  and  more  rapidly  with  regard 
to  the  negative  than  the  pofilive. 

Hence  Cit,  Tremery  deduces  the  general  refult,  that  the 
infulating  property  of  non-con duflors  cannot  be  the  fame  for 
both  eleflricities. 

From  this  explanation,  he  thinks  it  eafy  to  reconcile  ihe 
theory  of  two  fluids  witli  tlie  few  facts  oppofed  to  it  by  hig 
adversaries. 

*  Or  if  one  fingle  pafs  from  one  eonduflor  to  the  otlier,  the  at- 
traftion  or  power  of  the  receiving  conduEtor  will  be  very  oblique  ta 
the  card  nt  lirll,  and  moll  direfl  at  lalt)  whence  the  place  of  frac- 
ture ii  infcired  to  be  at  the  receiving  or  minui  extremity. 

W.N. 

t  Vet  3  negative  point  difchargei  iti  eleftricity  more  eafily  thai) 
apafitive.    See  Fig.  5,  PI.  VIIL 
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ARTICLE    L 

tkfcripHon  of  an  Improvetnent  qf  Wouffe^s  'Apparatus,  by  xMck 
tTie  great  Inconvcnienciu  qf  that  Method  qfconneSHng  tfie  Vefi 
Jils  are  obviated.     In  a  Letter  from  Mr,  John  Mur&a  y. 

Edinburgh,  Sept.  18,  180'A 

to  Mr.  NtCHOLSOf^. 
■    SIR> 

X  SEND  you  a  drawing  of  an  improvement  in  Woulfe^s  alp-. 
I^aratusy  which  I  believe  I  may  recommend  with  confidence 
to  chemifts. 

In  the  apparatus  on  the  common  conftru^ion  it  is  extremely  It  U  ftareeljr 
difficult,  1  might  perhaps  fay  impoffible^  to  have  a  feries  o^^^l^^^' 
bottles  conne^ed  by  tubes  which  are  ground  air  tight,  and  iSr  tight tubn 
hence  the  neceffily  of  employing  luting  to  clofe  the  joiniDgs,  ^^*****^*"*'"l!» 
an  operation  extremely  troublefome  when  done  with  accuracy, 
this  difficulty  of  fitting  the  bent  tubes  to  the  bottles  by  grind- 
ing, arifes  from  the  conflrudtion  of 'the  apparatus  itfelf;  for  if  Tht  caoftwhys 
one  leg  of  the  tube  be  ground  into  the  botde  firom  which  it 
ilTues,  it  will  be  found  fcarcely  poflible  to  grind  the  other  leg 
with  accuracy  into  the  other  bottle,  fo  as  to  fit  it  at  the  JWcifc 
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point  at  which  the  two  bottles  (ball  be  on  a  level ;  apd  thi# 
dffliciilty  is  incre^fcd  ftill  more  when  a  feries  of  bottles  are  to 
be  joined  in  this  manner.     The  difficulty  is  indeed  fo  great, 
that  an  apparatus  of  this  kind  perfectly  air  tight,  though  it 
would  be  of  the  grcateft  advantage  m  many  chemical  opera- 
tions, has  perhaps  fcarcely  ever  been  procured^  and  the  at- 
tempt to  have  it  made  was  relinquiihed  even  by  Lavoifier. 
Lo^Dg  18  moft       Various  attempts  have  been  made  to  obviate  this  inconve- 
commonly  of«J-ftienco,  but  with  To  little  Awcefs,  that  the  original  apparatus 
in  which  the  joinings  are  clofed  by  a  lote,  is  iflill  the  oiie  em- 
ployed by  chemifls.     Of  the  improvements  that  have  been 
Dr.  Hamilton*!  propofed,  I  may  remark  that  that  by  Dr.  Hamilton,  of  which 
cxceUenc  appa-  ^  defcription  is  giv^n  in  hh  Iranflatioft  of  Berthollet  on  Dye- 
ing, and  which  does  not  feem  to  be  fufiiciently  known  to  chc- 
mifis,  is  by  far  .the  moft  convenient.     It  may  be  iimplified  by 
having  the  bent  tubes  to  iflfae  from  the  receivers  inilead  of 
being  fitted  ta  them  by  grinding,  and  for  many  purpofes  it 
anfwers  exceedingly  well.     Its  principal  deficiency  is,  that  no 
great  degree  of  preifure  can  be  obtained  in  it«  proportioned  to 
the  quantity  of  water  put  into  the  receivers. 
Clt.  Girard*a         Cit.  Girard  has  lately  propofed  another  improvement,  of 

improvement*    vvhich  an  account  has  been  given  in  the  4th  Vol.  of  your 
very  ex{:entive,  .^  ,.°,.  iir 

and  why  s         Journal  (p.  4>I.}     On  ordering  his  apparatus  at  the  glals  ma- 

Aufaftory,  I  found  that  it  could  not  be  made  but  at  a  very 
great  expence.     This  was  fiated  to  be  owing  partly  to  the 
Irouble  which  would  attend  tlie  bending  the  long  tube  at- 
tached to  the  bottle,  but  ftill  more  to  the  difficulty  of  giving 
this  tube  the  lame  curvature,  as  the  larger  tube  fixed  in  the 
bottle,  into  which  the  former  is  to  be  introduced.     The  exe- 
cution of  this  by  the  mode  Cit.  Girard  defcribed,  would  not 
be  fo  eafy  as  he  appears  to  have  fuppofed  it ;  and  a  number  of 
bottles  would  probably  have  required  to  have  been  made,  to 
obfain  a  feries  of  three  or  four  adapted  to  each  other. 
Th'  a'fficuW       I t'fomctime  afterwards  occurred  to  mc,  that  every  difficulty 
obvijted  by  the  might  be  obviated  by  a  more  fimple  method,  which  I  have 
author.  -fincc  found  is  extremely  eafy  in  the  executiori.     The  appara- 

tus conflru6)ed  on  this  metliod- is  reprefented  in  the  annexed 
drawing.    Plate  XIII. 
Defcriptjcn.  -^  '"  '^"  adopter  ground  into  the  bottle  B,  and  conneding  a 

Thejiontrivancciretort  with  it.     C  is  a  flraight  tube  ground  into  an  opening 

pL^'prrtcnii     '"  ^^  ^^^  ^  ^'  '^^^  *"^®  *  fimiiar  opening  in  tte  fide  of  this 

botUe 
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r^oUleD.    £i8a  bent  tube  pd&n^  firatti  theMd^oTD*  ttidcoMyAte 

£tt«d  to  H  by  gnnding ;  aild  it  is  in  the  mode  of . conufcOiafe  \]^||SytBkt 

ibis  with  the  fucceediog  bottle  G,  that  the  prefent  imprmte- 

t  tacnt  coofiib.    F  is  merdy  a  common  Woolfi^s  botlie  W|th 

<«lwo  nedcs.    fittt  in  the  iirA  neck  a  tube  G  it-foldered^  when 

.  the  bottle  is  made,  which  deibends  to  within  If  indi  of  Ifie 

bottom^,  the  height  of  the  bottle  being  fix  inches.    The  long 

kg  of  the  tube  £  defoends  into  this  tube,  reaches  beyond  the 

•  ttctremlty  of  it,  .and  has  at  itsiennhiation  a  flight  carve.  -  It- is 
.  dbviotts  that  when*  water  is  put  into  the  bottle  F,  fo  that  the 

•  extnmity  of  G  is  immerfed  in  it^  if  any  vapour  or  gas  pafs  * 
:  fi'om  D,  ioF  by  E,  it  will  be  .difchargedfrom  the  extrettuty 

.  of  the  latter^  and  from  the  degree  of  bendii^i^bethiown  be- 
.  yond  the  extremity  of  G,  and  as  this  is  immerfed  in  €)e  flaid^ 
;  the  gasLcannot  eicspe,  bat  whatever  part  of  it  ia  sot  ablbrfaiM^ 
i  muflbecoUedtedintheapperpart  of'F*  It  pafles  in  a  fimiiar 
manner  to  H>  and  from  H  to  I,  bqmg  in  each- bottle  ttanf- 

•  laitted  through  a  portion  of  water.  Any  permanent  gas,  not 
abfiorbed*  pafTes  duroagh  the  bent  tube  fitted  to  I;  andmay  be 
Colle6ted  in  a  jar  placed  in  a  fmall  pneumatic  troughs 

The.  advantages  of  this  apparatus  are  obvious.    AH  tKeMmft^il 
-joinings  are  air  tight  without  late>  and  the  tubes  are  at  ^^^/5?SS^ 
y lame  time  fo  far  fiee,  that  they  are  in  no  danger  of  being  anftfitfe. 
.  broken  by  any  flight  agitation  or  derangement.     In  making 
.'  at»  it  Is  mofl  convenient  to  have  the  tubes  firft  groond  in,  and 
when  perfe6Uy  dry  to  have  them  bent  by  the  blow  pipe. 

The  firfl  bottle  in  the  apparatus  being  deligned  to. receive oltferradoiit* 
any  fluid  condenfed  in  it  during  diflillation,  has  no  tube  of 
(afety,  becaufe  at  the  commencement  at  leafl  of  the  diftilla^ 
tion,  there  would  be  no  fluid  in  which  its  extremity  would  be 
.  immerfed.  On  this  account  it  is  requiflte  that  this  flrfl  bottle 
fliould  be  connected  with  the  fecond  by  a  flraight  tube,  as 
reprefented  in  the  drawing,  and  not  by  a  bent  tube  as  in  the 
other  bottle,  elfe  upon  any  condenfation  in  the  retort  or  flrft 
bottle,  the  liquor  would  rufh  backward  from  the  fecond.  In 
this  fecond  bottle  a  tube  of  fafety  is  fitted  by  grinding,  which 
is  neceflary  to  guard  againft  condenfation.  In  fhe  other  hot* 
tie  this  is  not  ncceffary,  as  the  open  tubes  are  fufficlent  to  sd- 
mit  air. 
The  only  inconvenience  in  this  apparatus  is,  that  the  fluid  Thii  tppantsi 

and  C^fanl*a  ■ 

^.te  bottles  is  liable  to  be  forced  up  in  the  open  tubes,  in  m^ie  to  hn/ 

Q  2  '  the  th«.fluid  «tefi 


.  ■    '    •    fm 
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b««  the  tube  6  fer  eanmple  id  the  bottle  F,  by  thepreflfure  of  tli^l 
tmm^tutu^g^  accumuhted  in  it  from  the  refinance  of  the  coluoui  of  wlk^' 
ter  in  the  other  bottles ;  and  this  even  proceeds  fo  &r  that 
partof  the  liquor  is  forced  out  entirely.  This  can  in  foiM 
meafure  be  obWated  by  diminiihing  the  quantity  of  fluid  in 
the  laft  bottles^  or  by  introducing  into  them  little  more  than  is 
Efficient  to  immerfe  the  extremities  of  the  tubes*  In  this 
way  however  the  prefTure  obtained,  by  which  the  abforptioa 
of  a  gas  is  promoted,  is  very  inconfiderable.  The  fame  in- 
convenience is  prefent  in  the  apparatus  of  Cit.  Girard,  and 
Hemedy,  by  can  be  obviated  only  in  the  iame  mode.  In  the  prefent  ap- 
fciH^ieaiagthe  p^niias^  another  improvement  may  be  introduced,  by  which 
it  is  more  eflledaany  removed,  that  of  having  the  ftraight 
tubes  which  are  foldered  into  the  bottle  of  a  greater  length. , 
This  is  reprefented  in  the  drawing  at  K  L,  the  open  tube  A' 
fifing  five  or  fix  inches  above  the  neck  of  the  bottle.  It  is 
lather  more  difficult  to  folder  in  the  tube  in  this  mode,  but 
th^  advantage  from  the  increafed  height  is  fo  great,  that  the 
apparatus  ibould  perhaps  always  be  conflrudled  in  this 
manner.  "^  .  . 

How  10  cottfcrt  lofiead  of  fixing  the  flraight  tubes,  into  the  bottles  when 
Wo«I^MnM«  ^^y  sure  made,  they  might  afterwards  be  fitted  in  by  grind- 
fttat  IntotEir  in^  and  then  a  common  Woulfe's  appai|itus  could  be  ea£ly 
preienu  converted  into  this  improved  one.    The  otlier  mode  however 

is  preferable,  as  we  are  more  certain  of  having  the  apparatus 
air  <tfght,  and  it  is  fo  eaiily  done  that  it  adds  little  to  the 
expence. 

I  am,  with  refpeft, 

your's,  &c. 

J.  MURRAY. 
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Serrations atd  Etp"'i)nciits  upon  Oxigenizcd  aad  Ilyperoxigtn- 
iitd  Mtwialie  Acid;  and  upon  fume  Combiiuilions  qf'the  Mu- 
riatic Acid  ia  it!  three  States-     Bi)  Richako  Chi-msvix, 

'■  j^.  F.  R.  S.  M.  R.  i.  A.  From  the  Pli,U}foplucai  Ti-u«jiu> 
••  Uontjar  1802. 

(Concluded fro<a  Page  195.; 

Third  Sptdes,     Hyperoxigeniz^d  AfariaU  of  San'fci. 

X  HE  earlhy  bafei  fwm  to  follow,  in  the  order  of  affinitie*  Hypenw.  row. 
Yor  this  acid,  at  a  great  dilUncc  from  the  alkatjg.     They  arc  "' '™'"' 
^■1!  fuperfeded  by  the  twu  jull  mentioned  ;  and  it  ii  much  more 
diAieuIt  to  accompltfh  their  union   with  ihe  adil,   than    is   the 

ife  with  potafli  or  foda.  The  moft  advantageou!  method  h, 
to  pour  warm  water  upon  a  large  quantity  of  (his  earth,  pro- 

ired  by  Mr.  Vaiiquclin's  mcthud  ;  and  to  caule  a  current  of 
•sigenizcd  munaiic  acid  to  pafs  through  the  liquor,  kept 
mm ;  To  tbat  tl>e  bariles  already  dilTolvcd  being  fal  jrated,  a 
Cfelb  [lortion  of  it  may  be  taken  up  by  the  water,  and  prefent-  .  '. 

,«dtna  (tale  of  great  divilion  to  the  acid.     This  fait  is  foluble  EorubEc;  aj, 

about  four  parts  of  cold,  and  lefs  of  warm  water.     It  cry-  »»'l'"l>l«' 
fUlixes  like  the  muriate  of  thiF;  earth  j  and  rLfumblei  il  fo 
much  in  folubility,  that  I  could  not  feparate  them  eSefluall)' 
by  cryOallizalion  repeated   fcveral  times.     At  firl),  indeed,   I  Purifiejihin  of 
defpaired  of  ever  obtaining  any  of  llie  earlky  hypcrosigemzed  '^'^li^^'/^ 
muiute*  in  a  date  fufBciemly  pure  for  analyfis.     If  we  con-  b;  tig.  of  firiii. 
(ider  tbam  as  a  genus  diftinci  from  the  alkaline  hyperoxige-  ^^■) 
uized  muriates,  a  leading  charafter  maybe,  their  great  re* 
femblance  to  their  refpeflive  fpccies  of  earthy  muriates.     I 
thought,  however,  that  I  might,  if  not  by  ditefl,  aX  lead  by 
Rouble  affinity,  decorapofe  the  one  without  the  other ;  and 
pliofphate  of  filver  occurred  to  me  as  the  moft  likely  agent    If  tj  fhorfhttt  of 
pliofpliale  of  filver  be  boiled  with  muriate  of  lime,  ot^barites,  j^^yj  jll'^;„^ 
tie  a  double  dccompofilion  enfues ;  and  muriate  of  filver,  dccotrpofti  cbe 
tn^eliier  with  phofphalc  of  t!ie  earth,  both  infoluble,  are  pre-  j^","^'^  J^_ 
cipilated.     To  incrcafc  the  a^on,  the  phofphat*  of  lUvei  may  pero).  murine) 
U  dilUlved  in  a  weak  acid,  fuch  as  the  acetous ;  and,  though  ^^^J^''"''"' 
tjie  earthy  phofphate  be  at^rll  retained  in  folution,  it  will  be 
t-paratc'd 
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Tlw  filTcr  mufi  fepBrated  by  cxpcUing  Ihe  acid.     The  only  condition  abfo* 
MPPw/™"      ''^'"'^  necelTary  is,  that  Ihe  filver  employed  be  free  from  cop- 

I  per.     For,  in  preparing  phofphate  of  filver  by  phofphate  of 

foda,  and  by  nitrate  of  filver  thus  impure,  copper  would  be 
tlirpwn  down  by  the  phofphoric  acid  ;  and  the  phofphate  of 
copper  would  be  aHerwards  decoropofcd  by  muriate  of  lime. 
Mariate  of  copper  would  therefore  remain  with  the  earthy 
hype roxigeni zed  muriates  ;  or,  what  is  ftill  worfe,  a  part  of 
the  muriatic  acid  being  eafily  expelled  from  oxide  of  copper, 
tlie  hypcroxigeniiied  muriatic  atid  would  be  driven  off  from 
jMitlti  *f  the  its  bafis,  by  the  more  powerful  agency  of  the  former.     This 
j^'    '^'     '  fait  has  all  the  properties  enumerated  as  belonging  to  tlie  gtn 
nus  (^ hyperoxigenised  muriates;  and,  with  heat,  the  acid  h 
expelled  by  all  scidi  above  the  benzoic.     I  had  hoped  that, 
without  diftillation,  1  could  procure  the  acid  from  the  fall  by 
mean^  of  fulphuric  acid,  which  would  have  left  ui  infojubtci 
fait  with  bariios ;  but  hyperoxigenized  muriatic  acid  is  (a  «aGly 
decompofcd  by  light,  tha.t  I  have  not  yet  obtained  it,  to  my 
'•  "nV  T"  '"''*'*^'^*  difengaj^ed  ajul  pure,     A  faCi  well  wortliy  of  at- 
AoTc  widi  alk.   tention  is    thsL  the  Wronger  acids  dilengage  this  acid  with  » 
Wi.  flafU  of  light,  note  frequently  tVom  the  earthy  than  from  ih« 

alkaline  hyperoxigenized  muriates  ;  a  phenomenon  which,  1 
fuppofe,  dependi  upon  the  relallre  proportionate  affinities, 
and  coiif«'C[uently  the  greater  rapidity  of  the  difengagemeot. 
But,  whereallis  hypothe&s,  it  is  uTelefs  to  draw  any  infecenca 
from  » tingle  {a&. 
Confaatat  The  proportions  of  this  lalt  are, 

.   ECSS^T  Hyperoxigenized  muriatic  acd  -  -  47 

K     .  Borites        .......     42.2 

I  Water  10,S 

r 


100,0 

.^famkSpeciM.     Hjiperoxigaiixd  MwiaU  of  SlrmUia. 


The  foregoing  obfervatioiu  apply  to  the  formation  of  (his 

fftlt,  to  the  mode  of  obla  ining  it  pure  by  phofphate  of  lilver, 

to  ill  condufi  with  the  acids,  to  the  tank  of  its  acid  in  the  or- 

VdiqnfcenT,      der  of  affinities,  and  to  iti  other  properties.     It  is  ddi<]uef- 

"^eghol'"    ^""^ '  *"''  """'^  foluble  in  alcohol  than  muriate  of  flronlia.     it 

tbta  ikcma-     melts  in  the  mouth  immediately,  and  produces  told.     Its  cry- 

fials  alTume  the  flupe  of  needles,       ~        :.  - 


U  u  oompofed  oC  Copp.  (>ar^ 

Hyperoxigenized  muriatic  acid        -        -  -     ^.  •  «|  ft|ij[flf^^ 
Suoniia           ......           SQ 

Water -  -      W      '        ' 
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Fifth  Species,     I/j/peraxigenized  Murine  of  Lime.  .  Hyp.  ox.  mvr. 

This  (kit  is  oUaified  puie^  in  the  faro^  nanner  as  the  other.^u^fcentj  and* 
earthy  (alts.    It  is  extremely  dellquefcent ;  liquifies  at  ^Joyv.^iuble  in  ako* 
heat,  by  means  of  its  water  of.cryilaliization  ;  and  u  vcrjr  ^Q* 
luble  in  alcohol.     It  produces  much  cold«  i^nd  a  fliarp  j^itter 
tafie  in  the  mouth. 

It  is  coropofed  of,  Comp.  pam 

Hyperoxigmzcd  muriatic  acid         •  -         ^^,9     ^^^i^\,?V*  i 

Lime 28,3   /^^t'.^ .. 

Water  ^ 16,^    . 
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Sixth  Species.     Ilj/peroxigenized  Muriate  of  Ammonia.  Hyp.  ox.  mur. 

FroiP  th.e  property  vvhicli  oxigenizcd  muriatic  acid  pofTeffes  The  ox.  mur. 
of  fiecompoling  ammonia,  tliis  combination  may  be  thought  >cid  deco   poCea 
paradoxical.     For,  how  can  an  acid  much  more  aflive  than  uniUn  of  the 
oxigcnixed  muriatic  acid  exift  with  ammoniay  which  is  de-  hidrogen  and 
ftroyed  by  the  latter  ?  But  tliis  argument  may  be  oppofed  by  ^f^^l  ^^[^ 
the  fum  uf  affinities  that  a6i  in  cither  cafe.     If  the  affinity  of  tion.te.  as*  -> 
compg/ition  of  oxieenizcd  muriatic  acid  and  of  ammonia,  to-^^J^^**"^ 
gcther  with  the  amnity  of  oxigcnized  muriatic  acia  tor  .ammo?  mur.  of  ammo- 
Ilia,  to  form  oxigenized  muriate  of  ammonia,  be  not  more  "'*• 
powerful  tlian  the  affinity  of  oxigcnibr  hidrogen,  of  azote  for  ox.  ,g„^.  acid 
caloric,  and  of  muriatic  acid  for.,  ammonia,  the  divelleiU  affi-(loe*not;  be- 
nities  will  prevail;  and  this  is  what  adlually  happens.     But,  ^'j*^ ^^ 9mw(' 
idtliough  oxi^en  may  be  held  with  lefs  force  of  attraction  in  wlbna^y^  oik 
oxigenized  tlian  in  hyperoxigenized  muriatic  acid,  yet  theaffi-  j^ftron^^lT"'"*' 
nity  of  the  latter  acid  for  ammonia  may  increafc  in  a  much  ^hi,  (^  ^nMi 
greater  ratio,  and  favour  the  quiefcent  afiinities.     If  carbonate  bydoobltaA-: 
of  aqin^onia  be  poured  into  any  earthy  i'i|{t  o(  this  genus^  a  V^y '  *'  Z* 
double  decompulixion  takes  place  ;  and  hypcroxigenijced  mur  4.  hyp.  ox. 
riatti  of  ammqiiia  is  fdroocd.     This  lak  is  very  fohible  in  water,  "JJ?^*  °^  **^ 
and  in  alcohol.     It  is  decompofed  at  a  very  low  ieippeiatiirei  ^^di  and  hjp. 

ando^*  nur«  of  am* 
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It  li  nry  felu-  and  gives  Out  a  quantity  of  gas,  together  willi  a  fmell  of  hy; 
^|^*'^j*3j^,peroxigenii!cd  muriatic  acid.  Such  a  fmell  is  doubtlefs  ow^ 
campoftd  »t  lowing  to  the  greal  quantity  of  oxigen  contained  in  the  acid  ;  |t 
temperatuic.  [jgi„g  ^^^^^  ,1,^^,  j^  „^^[f^y  ,o  combine  wJlh  the  quantity  of 
hiJrogen  contained  in  the  alkali,  and  therefore  fotue  of  the 
Cnnpoacntpuuacld  ij  difengaged,  without  decom  poll  lion.  All  the  attempts 
'"^'™;  I  have  made  to  afcerlain  the  proportions  of  its  principles, 

have  been  fruillefs.  The  formation  and  exi/lence  of  this  fait, 
as  I  before  faid,  are  very  (Irong  proofs  of  what  I  have  atj. 
vanced  refpefling  the  dale  in  which  hyperoxigenized  muriates 
at  firft  exift  ;  and  very  fully  prove  the  different  degree  of  affi- 
nity exercifcd  by  each  acid  toward  the  bafis. 

Seventh  Speeia.     Hyperoxigenized  Muriate  of  Ma^nefia,. 

Its  chemical  and  phyljcal  ptoperlte<  are  nearly  Ilie  fame 

with  tliofe  of  the  5th  fpcctes,  only  that,  in  addition   to  the 

other'bafei,  lime  and  ammonia  caufe  a  precipitate  in  this  fall. 

Its  proportions  are, 

Hyperoxigenizcd  muriatic  acifl  -         -      60 

MagneCa        ......  35,7 

Water       -       -       .       ^       -       -       -     H,3 


a 
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Eighlh  Species.     Ht/perongenized  Muriate  of  Aluniina. 

I  put  feme  alumina,  precipitated  from  muriate  of  alumina, 

and  welfwalhed,  but  ftill  moift,  into  a  Woulfe's  apparstw; 

difpofed  as  for  the  other  earths,  and  Tent  a  current  of  oxige- 

iiized  muriatic  acid  gas  through   the  liquor.     The  alumina 

fhortly  difappeared ;  and,  upon  pouring  fijlphuric  acid  into 

the  liquor,  a  llrong  fmell  of  hyperoxigenized  muriatic  acid 

was  perceivable.     When  1  attempted  to  obtain  the  fait  pure. 

It  1i  Jdampsfed by  phofphste  of  (ilver,  in  the  ufual  way,  1  found  Tiol)iing  iii 

►j|ph(rfph»ie  of  foiution  but  hyper  ox  igeni  fed  muriate  of  (ilver  *  ;  and  all  the 

'  liypcroxigenizcd  muriate  of  alumina  had  been  dccompofed. 

ia  dsGqutfccnt,  litis  fall,  however,  appears  to  be  very  deliquefcent,  and  is 

lod^nbUia  '^'  '.  ^ 

*  This  fait  lliall  be  particularly  menliontd  and  defcribej  in  an- 
other pan  of  ihii  Paper.  For  the  pl:eAnl,  i(  is  fufficieut  lo  fay, 
that  it  i>  very  foluble  in  water ;  and,  in  that  properly,  as  in  many 
Others,  it  totally  different  from  muriate  of  filver. 

■*'  ^'    "    '  ■  foluble 
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ibiuble  in  tlcohol ;  but  I  could  not  afcertain  the  proportion  of 
lb  prnict{rfes,  becaufe  I  did  not  obtain  it  fufficiently  free  frqni 
|he  fimple  muriate, 

Nmik  Specks.    Jfyperaxigcnized  Muriate  qfSUka.  Hyp*  ox.  mni 

filica  does  not 
I  am  inclined  to  think  this  fait  does  not  really  e  \\i\    A  cur^ouft, 

rent  of  oxigenized  muriatic  acid>  fent  through  (pme  (ilica 
!Mrhich  had  peen  precipitated  from  an  acid  by  ammonia,  and 
colleded  moid  from  the  filter,  did  not  feem'  to  dilfolve  any 
portion  of  it.  In  all  barites  and  (Irontia,  prepared  according 
to  Mr.  Vauquelin's  method^  a  portion  of  filica  froip  the  cruci- 
bles is  attacked,  and  taken  up,  by  whatever  acid  thofe  earths 
may  afterwards  b^  diffolved  in :  and,  in  all  potafh  of  com- 
merce, there  is  fome  filica ;  but  I  have  never  perceived  that 
»ny  portion  of  this  earth  had  been  diffolved  by  this  acid. 

TTie  very  fmall  portion  of  earth  which,  in  attempts  \p  form  Otntn}Mtn 
the  different  fpecies  of  this  genus  of  falts,  is  taken  up  by  apids,  JJp^  oxTmur 
and  the  dill  fmaller  portion  of  the  fait  (o  formed,  which  Is 
yeally  in  the  flate  of  hyperoxigenixed  muriate,  render  the  ope- 
ration fo  tedious,  that  I  have  confined  myfelf  to  form  what 
was  neceffary  to  determine  their  analyfis,  in  fuch  a  manner  as 
I  believe  to  be  nearly  accurate.  It  cannot,  therefore,  be  ex- 
peQed  th^t  I  make  myfelf  refponfible,  without  a  right  of  ap- 
]peal  to  further  experiments,  for  the  accuracy  with  which  the 
iryflalline  forms,  and  other  phyfical' properties,  may  have 
|)ecn  dated.  It  is  impoffible  to  obtain  fatisfadtory  cryflals 
from  a  verf  fmall  portion  of  fait ;  and  I  have  attached  myfelf 
more  particularly  to  chemical  than  to  phyfical  characters,  as 
being'a  much  more  important  and  certain  mode  of  determi- 
>)ation.  For  the  fame  reaibn,  I  have  not  examined  the  com- 
bination of  the  new  and  rarer  earths  with  this  acid.  But  I  do 
not  doubt,  that  whatever  chemid  undertakes  a  further  invedi- 
jgation  of  thefe  extraordinary  bodies,  will  bp  amply  repaid  for 
liis  labour. 

I  have  mentioned,  in  a  former  part  of  tliis  Paper,  that  all  AH  marbfet 
muriates  lod  a  portion  of  their  acid  at  a  red  heat.  I  expoied  i,^  ignition* 
one  hundred  parts  of  muriate  of  potafli,  in  a  crucible,  to  a 
red  heat,  for  fome  minutes,  and  found  that  they  lod  five.  I 
diflblved  them  in  water,  and  they  manifeded  alkaline  proper- 
fies.  Treated  by  nitrate  of  filver,  they  gave  a  precipitate, 
which  (hewed  one  per  cent,  lefs  of  muriatic  acid,  thaii  100 

parts 
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parts  of  the  bme  fait  that  hid  not  been  expofed  to  fire;  4: 
yiolent  heat  may  be  neceflary  to  expel  tlie  laid  portion  oi'  water- 
of  cryflaUization  from  certain  falls^  as  we  know  particularlj 
Wh<Mce  t^Jf^-  is  the  cafe  with  fulphate  of  lime.  But,  if  any  of  the  acid  can 
f  aticiB^/faiM>  ^  expelled  at  the  lame  temperature*  there  is  no  longer  any 
curitely  deter«  certainty.  The  quantity  of  water,  as  dated  by  different  cbe-* 
If^tbeacidof  "lifts,  varies  much;  and,  from  fome  experiments  I  have 
the  ialc  be  de-  made,  I  do  not  believe  it  to  have  been  accurately  determined. 
**"^****  ^1  £t  The  method  I  ufed  to  afcertain  this,  was  as  Allows :  I  ex- 

Breap.  with  fil*  > 

▼er  before  and    pofed  a  given  quantity  of  the  fait  to  a  violent  heat,  and  noted. 

•f^'^p^^ont  »t  its  lofc  of  weight.     I  then  precipiUted,  by  nitrate  of  filver  j 

how  much  of     ^^  ^^s  knew,  how  much  the  quantity  of  muriatic  acid  which 

(he  lofs  by  the   this  (alt  contained,  was  lefs  than  that  in  a  like  portion  which 

acwV«dhow*  ^^ "®^  ^^^  expofed  tp  heat.     1  fubtradled  the  difference  in 

^uch  W4ttr.      this  quantity,  from  the  total  lofs  of  weight  in  the  fait  es^pofcd 

lo  heat ;  and  the  remainder  I  conQdcred  as  water.     It  was 

upon  refults  obtained  in  tliis  manner,  that  I  founded  many  oC 

the  proportions  I  have  given  in  this  Paper. 

Oltferrationi  on      Jt  is  ftated  in  the  tables  of  Berg^;|ian;i  porre^led  by  Dr. 

eleaive  actra*.    pgjy.fojj   ^g^^  Ijm^  mj^j  flrontia  prefer  acetous  to  arfenic  acid« 

But  arlenic  acid  can  expel  hyperoxigenized  muriatic  acid  froia 
its  bafis,  although  the  acetous  cannot  a£l  in  the  fame  manner  | 
therefore,  this  order  of  affinities  is  erroneous.  It  was  not  till 
lately,  that  we  had  potafli  and  foda  fo  pure  as  to  be  relied 
upon  in  delicate  experiments ;  and  it  is  not  furpriiing  that  we 
£nd  miftakes  with  regard  to  their  taking  the  acid  from  b^rites, 
ilrontia^  and  lime.  JQut  real  potaib  and  foda  both  precipitate 
even  baritcs  from  hyperoxigenized  muriatic  acid.  If  ever  it 
becomes  eafy  to  obtain  hyperoxigenized  muriate  of  barites^ 
we  may  prepare  that  earth  from  it  in  the  humid  way,  an^ 
wore  near  to  purity,  tlian  in  the  method  propofcd  by  VaU"* 
quelin. 

Metallic  moria.      METALLIC  COMBINATIONS  OF  MURIATIC 
**^""'  ACID,  IN  ITS  DIFFERENT  STATES. 

The  a£lion  of  hyperoxigenized  muriatic  acid  upon  metals,^ 

is,  as  may  well  be  expected,  rapid,  and  without  difengagc- 

Hypoz.  mur.   mentofgas.     It  appears  to  diflblve  every  jpetal,  not  except-* 

aciddiflblvcs  All  jj^g  gQi^i  an^i  platiua.     If  the  metal  be  prefented  to  the  acid 

them  and  pro-     s^t  the  momenjt  when  it  is  difcngaged  from  the  fait,  indamma* 
duccimuriatcji.   tion  cnfues ;  and  the  phenomena  of  light  and  heat  ^ry  ac^ 

cording 
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CQfdingio  the  metal;  but  the  ialts  thus  produced  are  merdj 
ynuriates.    In  acder  to  Ibrm  real  hjperoxigenized  muriates,  ^'"aS/*"*^ 
it  is  neceffiiry  to  take  the  metal  in  its  fulled  (late  of  oxidise- -gjum  ozidet,  t» 
ment,  and  combine  it  with  the  acid,  either  by  double  decom-  produce  h.  oc 
pofition,  or  bj  paffing  a  current  of  wgenized  muriatic  add*^ 
gas  through  the  oxide  fufpended  in  water*    The  acid  is  thus 
fcparated  into  muriatic  and  hyperoxigenixed  muriatic  add  f 
and,  in  thefe  fiatea,  combines  with  the  metallic  oxide.     Tlie  ' 

metallic  byperoxigenijsed  muriates  are  dif&rent,  in  every  ^^^T^f^f^    t 
fpedy  from  the  metallic  muriates.     Red  oxide  of  irop  is  di(-  ^^^^ 
folvedwith  difiiculty.     Oxide,  of  copper  more  eafily.     ^efl  Habitudes  nf 
QKide  of  lead  exhibits  the  fame  appearances,  during  its  corobi- {J^JJ^^*^ 
nation  with  this  add,  as  with  nitric  acid.     When  nitric  acid  is  hewL 
poured,,  even  in  excefs,  upon  red  oxide  of  lead,  only  a  part  of 
the  oxide  is  diifolved,  unlcfs  heat  be  applied  ;  and  what  re- 
mains becomes  a  blackifli  brown  powder.     But,  if  metallic Ked  oxide  «f 
lead  be«dded,  in  a  juft  proportion,  all  the  red  oxide  difap- ^^'jJ[*J^**^ 
pears,  and  none  of  the  brown  powder  is  formed ;  neither  is  ^«liol1ydiilbhr«i 
there  any  difongageiQcnt  of  nitrous  gas,  when  the  metallic  ^^ 
lead  is  diflblvrd.    The  precipitates  caufed  in  either  cafe,  Jby 


pouring  an  a&ali  into  the  nitiic  folution,  are  yellow.    Hence*^^  ai«ii« 

it  appeiiars,  that  red  oxide  of  lead  contains  too  much  oxigen  to^^ 

hp  diflblved  by  nitric  acidi.    One  part  of  the  oxide  takes  up  the 

exoefs  of  oxigen,  and  becomes  brown ;  while  the  portion 

which  loCes  oxigen,  becomes  yellow,  and  is  Ibluble  in  nitric 

acid.     The  prefence  of  metallic  lead  promotes  the  total  folu* 

tion  of  the  red  oxide,  by  taking  up  the  foperabundant  oxigen. 

I  found  that  a  current  of  oxigenized  muriatic  acid  gas,  like  the  Ox.nmr.  acii 

nitric  acid,  diffolved  a  part  of  the  red  oxide,  and  caufed  the       ""*»»"y- 

brown  powder  to  be  formed,  upon  which  it  could  not  a6t. 

Hyperoxigenised  muriate  of  lead  is  much  more  foluble  than  Hyp.  ox.  m«r. 

muriate  of  lead ;  and  the  acid  is  verj  (lightly  attrafted  by  the  ^^^  *  ^^^^^^ 

bafis. 

But,  of  all  the  metallic  falts  formed  by  the  combination  of  Mercuric 
the  muriatic  acid,  in  any  of  its  different  (lates,  none  fo  much  "*'''* 
dcferve  attention  as  lliofe  which  have  for  their  bafes,  tbe  ox- 
ides of  mercury.    The  nature  of  the  (alts  which  refuit  from  die 
combination  of  common  muriatic  acid  with  the  different  oxides . 
of  this  metal,  has  been  dated  in  the  mefl  contradictory  man- 
ner, by  different  chemifts.     But,  as  the  knowledge  of  hyper- 
oxigenized  muriatic  add  has  thrown  fome  light  upon  the 
f  true 
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aiiil  cofrorive  fublimate  *,  I  muft  bpjf  ■ 
I  lenglh  jpcin  tlii?  imporlant  part  of  my 


Inie  flate  of  cah 
leave  to  dwell  a 
fubjefl. 

It  would  be  ufdcfs  (o  repeat  the  opinions  of  the  o!J  aulliors, 
who  have  treated  of  eorrfifivefubiimatcand  of  calomel.  TTiey 
are  lo  be  found  in  the  woits  of  tliofc  refpeflive  chcmifts,  and 
1  mufl  refer  to  them  for  pBr(icular>i. 

In  the  Memoirs  of  llie  Academy  of  Sciences  of  Paris,   for 

'"  1780,  we  find  a  Paper  of  Mr.  BerihoUet,  upon  the  caafticily 
of  metallic  falte;  in  which  he  appears  lo  think,  that  the  acid  m 
orrofive  fublimate  is  in  the  flate  of  what  was  tlien  calletl 
de  pi  dog  illicated  marine  acid.  In  1785,  when  he  had  exa- 
mined the  oxigenized  muriatic  acid  wit!)  more  caro,  he  re- 
nounced his  former  opiiiion ;  and  gave  the  reafons  why  he  no 
longer  adhered  to  it.  Some  late  cxperiraenU  of  Mr.  ProuH 
tbew,  that  this  cheisill  IIiinLs  as  Mr.  Berthollet  now  does. 
And  thefg  may  be  taiiLcd  among  the  firfl  of  modern  au- 
thorities. 
Notwith(1a.nding  ihofe  opinions,  Mr.  Fourcroy,  in  his  Syf- 

'' Itme  des  Conaoiffaacet  cliiutiijua,  flill  conllders  corrofive  fubli- 
inate  as  a  hyperoxigenized  muriate  of  mercury  ;  and  deiigns  it 
throughout  by  (hat  name  f.  This  chemift,  one  of  the  founders 
of  the  methodical  nomenclature,  is  too  well  acquainted  with  its 
principles,  to  apply  the  term  hyperoxigenized  muriate  to  any 
thing  but  a  combiiialion  ot  hyperoxigenized  muriatic  acid.  It 
is  evident,  therefore,  that  he  conliders  the  portion  of  oxigen, 
which,  in  equal  quantities  of  corrofive  futttimate  and  calomel, 
is  greater  in  tlie  former,  to  he  combined  with  the  acid,  and  not 


*  I  regret  very  much,  that  I  am  under  the  neeefflty  of  ufrng  thefe 
immunlng  termi.  Sut  the  French  nomenctature  has  made  no  dif- 
tinflion  between  falls  foimed  by  metallic  oxides  in  dltfercnt  ftatei  of 
oxidizcment,  except  hy  (he  colour,  which  is  an  exiremely  dtfcflive 
ig  method.  At  nlltvenia>  this  metal  Is  To  uncomplai- 
lani  as  to  retain  the  while  colour,  in  iis  different  oxides  combined 
with  muriatic  ati^.  I  piefcr,  however,  ufing  the  old  name,  to  pro- 
poling  any  provillonal  luhftltule  that  might  be  found  defeflive. 
This  i^Il  be  farther  explained  in   Rtmarh  sfvi  Chtmknl  Namtit- 

t  I  have  faid  before,  thai  this  acid  was  tilJced  of  by  mu)y  ehe- 
mini,  as  if  the  cxlftence  of  it  hud  really  been  ^oved. 


"wi*      J 


*■  ^ 


I 
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die  osade  of  mercury.    As  ibon  at'I  have  dated  fome  but  mmmdty 
experiments  thiU  prove  Mr.  Fourcroy's  opinion  to  be  errone-  ^^» 
ous,  and  endeavoured  to  eflablifii  the  analyfis  of  corrofive 
Inblimate  and  of  calomel,  I  (hall  take  notice  of  a  fait  hitherto 
unknown,  which  really  is  hyperoxigenized  muriate  of  mer- 
cury. 

I  took  a  portion  of  corrofive  fublimate,  and  precipitated  by  Com>f.rabi  pic 
potafh.  The  liquor  was  filtered;  and,  upon  being  ^«**aA*^mri2t 
nothing  but  muriate  .  of  potafh  was  found.  No  re-agent  of  potaih  and  no 
could  difoover  the  fmalleil  trace  of  hyperoxigenized  muri-'^yP'**-"^*'^. 
atic  acid. 

Sulphuric,  nitric,  phofphoric,  and  many  other  acids,  poured  TheaddtaifeB# 
upon  corrofive  fiiblimate,  did  not  difengage  either  muriatic,  orJJJ^j^^*^** 
hyperoxigenized  muriatic  add.     Nitrate  of  filver,  poured  into 
a  foltttion  of  corrofive  fublimate,  gave  an  abundant  white 
precipitaCe. 

From  thefe  experiments  it  is  evident,  that  muriatic  acid,  not  Confeq.-  maris* 
hyperoxigenized  muriatic  acid,  is  combined  with  the  oxide  of  JJIJ^"***!*!^'. 
mercury  in  corrofive  fublimate.  cor.  fab. 

To  determine  the  proportions  of  this  fait,  I  took  one  hundred  Component 
parts,  and  precipitated  by  nitrate  of  filver.  I  then  took  another  2S2L**wiAp5l 
hundred,  and  precipitated  by  potafii.     The  refult  of  thefe  two  afli  and  witk  ni. 
experiments  was  fuch  as  to  efiabliih  the  proportions  of  corro-  '"^  *^  ^'^^* 
£ve  fublimate  as  follows : 

Oxide  of  mercury    -  -  -  82 

Muriatic  acid    -  -  -  -       18 


100. 
But,  the  acid  of  this  fait  not  being  charged  with  a  fuper-  To  meafure  the 
abundance  of  oxigen,  we  muft  look  for  the  excefs  in  the  me-  ^y^^^^  *"' 
tallic  oxtde.    I  took  100  grains  of  mercury,  and  diflblved  them  diflblved  in  ni- 
in  nitric  acid  ;  then  poured  in  muriatic  acid ;  and,  at  a  very  ^'.^  ^^''^  Ik"*"^' 
gentle  heat,  evaporated  to  drynefs.     I  afterwards  fublimed,  poared  in,  and 
in  a  Florence  flalk,    the  fait   that   remained,   and  obtained  j!*^  ^*]J  (<^^' 

143,5  of  corrofive  fublimate.     But,   14-3,5  of  corrofive  fubli- fublimed  ^ 
mate  contain  26  of  acid;    which  will  leave  117,5  for  the  H3»55of«^Wck 
mercurial  oxide ;  and,  if  117,5  contain  100  of  mercury,  lOO^j/Yi^^nfeq! 
of  the  oxide  will  contain  85.     Therefore,  the  oxide  of  mer-  >5  per  cent,  of 
cury   in  corrofive  fublimate^  is  oxidized  at  the  rate  of  15  P^  JJctfcn^*  ^** 
cent 

To 
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Ciaipovaiitfvei  To  determine  the  proportions  in  caloineU  I  diflolted  100 
«f  calomel.        ^^  ^  j^  ^^  „j^^  ^^^j^     ^j^^  phenomefift  of  the  foluUon 

h&ve  been  ib  accurately  defcribed  -foj  Mr*  BertfaoUet^  that  I 
•  ihall  not  repeat  them*  1  precipitated  by  nitrate  of  filver;  and 
-  obtained  a  quantity  of  mariate  o£  filver.  oorrefponding  with 

]  1,5  of  muriatic  aci^*  The  oxide  of  mercury  I  obtained apaft. 

Therefore^  calomel  is  ooropofed  of^ 

Oxide  of  merciiry  -      ••  -  88,5 

Muriatic  acid  •  -  •»      IljiS 

"         ■  '. 
100,0, 

OJpmclwM  To  afcertain  the  ftate  of  .oxidisementof  the  oxide  in  ca- 
tonfiiwlb^  lomel,  I  took  100  grains,  and  boiled  them  with  nitroHmtt- 
boHing in  nitro^riatic  acid;  then  evaporated,  very  (lowly,  and  fublimed  as 
^'Jld'fubr'  **^^®-  The  calomel  wai  totally  converted  into  corrofive 
it  had  gained  fublimate,  and  weighed  113.  But  1 1 3  of  corrodve  fuUtmate 
^"^^f^  ^contain  20,3  of  muriatic  acid,  of  which,  1 1,5-  were  originally 
fenner  exptt.  ^n  the  calomel.  The  total  addition  of  weight  .was  IS.  Bat 
Ac  praportioM  the  quantity  of  acid  in  thefe  J 3,  amounts  to  20,3-^  ii, 5  s= 
osi^  were  ^»^*  Therefore,  13  —  8,8  =  i,2,  remain  for  that  part  of  tho 
luxyvrD)  additional  weight  which  is  oxigen.     On  the  other,  hand, 

100  of  calomel  contain  .the  the  £une  quantity  of  mercury  as 
«heiil*ei!he)>fo-li3of  corrofive  fublimate,  =79.     Thefe  79,  with.  li,5  of 

portion  of  oxi-   ^^    ^^^  equal  to  90,5,  and  leave  9,5  for  the  quantity  of  oxi- 
gen  in  the  oxide  ...  ,         ,        t  i  i  r  i    r 

ii  deduced,  vis.  gen  contamcd  m  calomel.  It  would  appear,  irom  theie 
X0.7  per  cent,  experiments,  that  corrofive  fublimate  contains  6,5  per  cent, 
more  acid,  and  but  2,8  per  cent,  more  oxigen,  than  calomel. 
But  this  quantity  of  oxigen  is  combined  with  a  much  greater 
proportion  of  mercnry ;  and  forms  an  oxide  of*  a  very  differ* 
ent  degree  of  oxidizement.  For,  88«5  :  9,5  :  :  100 :  10,7. 
Therefore,  we  may  eilabliQi  tiie  folbwing  comparative 
teble:— 


CALOMEL. 
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CALOMEL. 


CXHlllOSnrS  STTBLIMATB.     Comptntire 
The  0!rid*  of  «iercttry  in  calo-  The  oxide  of  mfercury  incWrro*  ft*tcinenu 


mel  is  compofed  of, 
}A9tcwrj         -        -        89,3 
Dxigen      .        -        -     io,7 


100,0. 
And  calomel  is  compofed  of^ 

Mercury79     C  oxide  of  7  gg  ^ 
.0»gen    9,5 1  mercury  j      ' 
Muriatic  acid    •     11 ,5 


live  fublimate  is  compofed  of^ 
Mercury  •        •        83 

Oxigen        -       -        -15 

100. 
And  corroiive  fublimate  is  com* 

pofed  of, 
MeJrcury69,7  (oxide  of")  g^ 
Oxigen  12,3  \^  mercury  y 

Muriatic  acid    -     18 


100,0.  100^- 

Thefe  proportions  arc  different  from  thofe  given  by  Lemery, 
Geoffipoy,  Bergman,  &c.  But,  without  calling  in  qudtion 
Hie  accuracy  and  Ikill  of  thefe  chemifts,  it  is  fiur  to  afnsrt, 
that  the  pure  materials  ufed  by  modem  chemifts,  are  more 
likely  to  lead  to  fure  refults,  than  the  impure  re-agents  of  th6 
tacients. 

In  thefe  falts  we  find  aflother  inflance,  that,  tn  proportion  as  The  moft  oxJg. 
toetallic  oxides  contain  a  greater  quantity  of  oxigen,  they  re-  Ju*^!^?"'* 
qunie  a  greater  quantity  of  acid  to  entek-  into  combination  with  tity  of  «id» 
them. 

.    The  metliod  I  have  followed,  to  afcertain  the  proportions  Obferyatioiis  t* 
juft  ftated,  may  appear,  at  firft  view,  not  to  be  the  Ihorteft  that  ^^  ^}^*^  ^^^ 
I  might  have  adopted.     But  I  have;  tried  others,  and  I  have  ^^^  %nire  ibun 
found  none  fo  accurate.      It  is  impoffible,  fyntlieticaliy,  to*I>«noft  accu- 
convert  a  given  quantity  of  mercury  into  calomel,  in  fuch  a '  <©     « 

manner  as  to  be  certain  that  none  of  it  is  in  a  different  ftate 
from  that  required.  And,  if  we  would  attack  calomel  analy- 
tically, the  adion  of  the  alkalies,  without  which  we  cannot 
proceed,  is  fuch  as  to  alter  the  nature  of  the  oxides.  I  have 
alfo  made  many  comparative  experiments,  by  dilfolving  calo- 
mel in  nitro-muriatic  acid,  (which  converted  it  into  corrofive 
iubliniate,)  and  then  precipitating  by  ammonia ;  but  I  have 
not  found  thefe  trials  fo  fuccefsful  as  thofe  I  have  defcribed. 
The  nature  of  the  precipitate  from  corrofive  fublimate  by  am- 
monia, certainly  difiers,  according  to  the  excefs  of  acid  that 
may  be  prefent ;  and  mercury  feems  to  have  the  power  of  ex- 
ifting  in  many  degrees  of  combination  with  oxigen.  The  only 
3  precaution 


r  ■ 
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^M  pfecaution  abfolutcly  necdTary,  in  (his  mode  of  operating,  is; 

^M  that  while  the  Rietcunal  fait  is  in  an  open  vi^lTel;  it  fliould  not 

^P  bti  cxpofad  to  a  degree  a{  heat  capaUe  of  volatilizing  any  part 

■  ofil. 

H- losJon  Phar>        The  qnajitjlj'  of  mertrury  ordered  in  the  London  Pharma- 

*     foibu  uo  much  ^P"^'"'  ^  cftiivert  corrofipc  fublimaie  into  calomel,  is  9  (wuiids 

mercuryin  the  of  mercury  ibr  every  12  pounds  oi'  corrofive  fublimate.     Butj 

£^B'*"ti"'  '"*"'  '^^  above  experiments,  ii  would  appear,  that  S  fm&Dcr 

bprudcDi.         quantity  of  mercury  might  ilriflly  anfwcr.     However,  from 

the  refults  of  minute  invcftigalion,  we  (liould  not  conclude 

toohaflily  upon  preparations  on  tlie  great  fcale;  and,  I  rather 

think,  thai  tiie  cxix:fs  of  mercury  ordered  by  the  PharmacopiEia 

is  a  ufeful  precaution. 

In  my  experiments,  I  attempted  to  reduce,  by  means  of 
'' copper,  iron,  or  zinc,  the  mercury  contained  in  the  mercurial 
falls-  Iron  did  not  anfwer  the  purpofc  :  zinc  precipitated  thtf 
"  mercury  a  little  better ;  and  copper  produced  a  change  which 
I  did  not  expcA.  II  a  bit  of  copper  be  put  into  a  folution  of 
corrofive  fublmiale,  a  white  powder  fhorlly  falls  to  the  bottom t 
and  tlial  powder  is  calomel.  When  walhed,  it  does  not  contain 
an  atom  of  copper,  or  of  corrofive  lablimale. 

Before  I  conclude  lli«fe  con Ii  deration",    I  muft  fay.  that' 
wlicUicr  calomel  be  prepared  in  the  dry  or  in  diehuraid  way  * 


tn  iCROlpb  to 


ha  milt  or  dry 


it 


ail.  (ub.  •  By  the  humid  way,  I  do  not  mean  precifely  the  mctboiJ  of 

ObftwtLo^n^^J-J  sj,,j.g|g,  Tha,  ^hemm  deflres  us  to  boil  ihc  acid  with  the  mercury* 
nrsceti  for  "Ut-  af'""  'hey  hive  ceafed  10  aft  upon  each  oiher  at  a  low  temperahlre; 
md.  It  'n  nnt  By  iliis  mtthod,  tlw  nitric  arid  takts  up  an  eitccfa  of  mercorial  o«- 
purc,  '""™"  ide;  and  llie  nitrate  of  mercury  thus  formed,  precipitates  by  waten 
vaieof  muco'T-  Therefore,  «hen  this  nitrate  of  mercury  is  poured  into  the  dilute 
fuluiion  of  muriate  of  I'lda,  according  io  the  formula  of  Seheelr,  lb* 
aftion,  an  the  pan  of  the  fululion,  i>  twofold. 

ly?.  The  water  sfis  upon  one  part,  ami  piecipilsleB  in  oxide,  or 
nilhcr  an  inlbluble  fub-nitrate  of  mercury.     And, 

aJfy.  A  double  Jecompornion  takes  piace  between  the  nitrate  of 
mcreuty  and  the  muriate  of  foJa.  It  is  with  reafon,  that  the  medi- 
cal world  hare  ruppuird  the  calomel  of  Scheale  Io  be  different  from 
that  prepared  in  the  humid  way ;  for  it  is,  in  fad,  calomel,  pins  aa 
inli'luble  Tub-nitrate  of  mercury.  In  the  firft  part  of  Scheele'i  pra- 
ters, there  it  difengagemeni  of  nitrous  gas,  together  with  oxidize- 
mcnt  and  ibiution  of  Ibme  ol  the  mercury.  When  be  boils  the  ici^ 
upon  the  remaining  mercury,  there  ii  no  futiher  diftngagnueal  of 
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It  doet  not  feem  to  differ  chemiailJy ;  nor  does  it  CQintiiti''%if^ 
fenfible  portion  of  water  of  crjftailiation.  The  iame  maty  bef 
laid  of  corrofive  fublimate;  < 

It  now  remains  to  fpeak  of  the  real  hyperoxi^Kized  mdriate  Hjrper^x.  mar 
q(  mercury.     I  pafTcd  a  current  of  oxigenised  milriatic  acid  ^^^"k?  ^. 
gas  through  fome  watef^  in  which  thifre  was  red  6xid^  of  m^r-  ting  ox.  aupk 
cury  *•    After  a  (hort  time,  the  oxide  became  of  a  very  dark  ^JJ^TSS 
brown  colour ;  and  a  folution  appeared  to  have  taken  place;  odde  of  floar- 
Thc  current  was  continued  for  fome  time ;  and^  when  I  thought  ^"^* 
that  a  fufficient  quantity  of  the  oxide  had  been  diifblved;  I 
flopped  the  operation.    The  liquor  was  evaporated  to  dry  nets  ; 
and  the  (alt  was  thus  obtained.     There  evidently  was-  in  thd 
mafs  a  great  proportion  of  corrofive  fublimate^  &s  might  be 
expeded,  from  what  I  had  obferved  to  take  place  in  the  ibrma=  It  U  nfore  tAtlA 
tion  of  the  other  falts  of  this  acid  j  but,  by  carefully  fepamting  J^j  JftL^ji 
the  laft  formed  cryftals^  I  could  piek  out  fome  hyperoxigeiii^ed  by  cryftaUiii* 
muriate  of  mercury.     I  then  cryftallized  it  over  again ;  and;  ^^* 
in  this  manner,  I  obtained  it  nearly  pure.    This  fait  is  more 
folable  than  corrofive  fublimate:  about  four  parts  of  i^ater 
retain  it  in  folution.    The  fiiape  of  its  cryfiais,  I  cannot  well 

gas  I  yet  more  mercury  is  diiTolved.    The  nitrate  of  mercury^  there* 
fore,  rather  contains  an  oxide  lefs  oxidised  after  ebollition  than  be- 
fore it.     The  true  difference  is  in  the  fub-nifrate  of  mercury,  pre- 
cipitatedy  as  I  before  faid,  by  the  water  in  which  the  muriate  of  foda 
was  diflblved.    And  the  orange-ooloured  powder,  which  remains^ 
after  an  attempt  to  fublime  Scheele*s  calomel,  is  to  be  attributed  to 
the  fame  caufe.     To  prepare  calomel  in  the  humid  way,  uniform  as  Preparation  of 
to  itfelf,  and  in  all  rcfpe6ls  fimilar  to  that  prepared  in  the  dry  way,  cilomel  in  the 
it  is  neceiTary,  either  to  ufe  the  nitric  (blutton  before  it  has  boiled,  ■"*""^  ^"^y* 
or  to  pour  fome  muriatic  acid  into  the  folution  of  mUriate  of  fodi, 
previoudy  to  mixing  it  with  the  boiled  folution  of  nitrate  of  mer- 
cury.    In  the  fii  ft  cnfe,  no  precaution  is  neceflar)* ;  and,  in  the  lat- 
ter, the  oxide  of  mercury,  which  the  nitrate  of  mercury  has,  by 
boiling,  taken  up  in  excels,  finds  an  acid  which  is  ready  to  faturate 
it.    All  the  mercurial  oxide  being  thus  converted  into  calomel,  none 
of  that  fob-nitrate  of  mercury  can  be  prefent. 

The  obje^^ions  made  by  a  medical  gentleman  againft  Schee]e*s 
cilomel,  when  this  paper  was  read  before  the  Royal  Society,  led  me 
to  reconfider  the  fubje£l,  and  to  undertake  the  inveftigation  detailed 
in  this  note. 

*  I  ufed  either  of  the  red  oxides  of  mercury  indifcnminately. 

Vox..  Ill,— December,  1802.  R  determine. 
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deUroiine.  Wiien  fulphiirlc,  or  even  weaker  acidii,  ai 
vpon  it,  it  gives  out  the  ufuat  fmell  ot'  liyperoxigenized  n 
alic  acid;  and  the  liquor  becomes  of  an  orange  colour.     This 
is  a  fufficient  proof,  that  cofrofivo  fublimate  ii  not  a  hyper- 
OKigeiuKcd  muriate  of  mercury. 
II-     1  havejull  mentioned  that,  in  the  formation  of  ihii  fait,  tho 

■ulm^uV  *•"''''=  t'f'nurcury,  which  was  notdiflblved  bythc  acidj  became 
tupf^bi  n  be  ot  a  very  dark  brown  cvlour.  I  procured  a  portion  of  thia 
different  from  ^^jj  ,^1,;^.,,  fce^cd  different  from  the  red  oxide.  It  how- 
Qver  retained  die  forni,  and  the  cryllalline  appearance,  of  llio 
Utter.  It  was  bluble  in  nitric  acid,  without  ditengagement  of 
,j[as;  and  was  precipiialedfromit,  in  a  yellow  oxide,  byallttie 
alkalis,  except  ammonia.  It  formed  corroGve  fublimate  with 
muriatic  acid;  and  tlie  precipitate  by  ihealkalii,  was  tliefame 
a.1  llmt  from  corroiive  fobiimate,  made  with  ttie  rod  oxide, 
Y«t  1  am  inclined  to  think,  that  the  dark  brown  a\lde  dig'ers 
in  Ibmi;  t:11etitia)  point  from  the  red  ;  but  I  have  iiol  yet  mode 
(iiltcieni  esperimeiits  lo  prove  this  opinion.  At  all  events, 
tlie  prcfeiit  ofaiccl  being  lo  examine  the  mercurial  oxides  only 
ta  cooibioed  with  muriatic  acid,  it  would  be  foreign  to  the 
purpofc,  to  enter  into  too  minute  an  invcftigation  of  the  other 
litttes  ol  liie  metal.  This,  and  Ibme  other  objecls  hinted  at  in 
tJiij  Paper,  muA  be  reletved  tijr  future  inquiry. 

Ffei-ax.  loir.      In  trusitiig  Ihc  earthy  hyperoxigenizcd  murjalc!!  with  phof- 
'  phateof  lilver.  ai  1  mentioned  before,  I  nbferved  thai  the  li- 

quor (bmctimei  contained  in  folutii^n  oxide  of  lilver;  ivhich, 
npon  exumlnation,  1  I'ouJid  to  be  combined  with  hyperoicigeii- 
ized  muriatic  acid.  As  the  fait  which  is  thus  formed  is  dilTor- 
ent,  in  every  rclpecl,  from  Cmple  muriate  of  filver,  it  may  be 
uf  foine  impdrtance  tu  conCdcr  it  witli  attention.  In  the  firJl 
place,  it  wili  aflbrd  the  moll  convincing  proof  of  the  difference 
biitween  muriatic  and  hyperoKigenized  muriatic  acid ;  and,  in 
(he  next  plaice.  It  particularly  dcien'Cs  to  be  remarked,  fur 
potTi^iling,  in  the  mvR  eminent  degree,  one  of  the  great  cha- 

Alc  In  t  parti  ratleriliic  teatiires  of  Iht  genus  (o  which  it  belong-;,     Hjper- 

JSlTbJwwt  "sigenizcd  muri:ite  of  filver  is  foluble  in  about  two  parta  of 
tvarm  water;  but,  by  cooling,  it  cryAallizes  in  the  fbape  of 
fmall  rhomboids,  opaque  and  dull,  like  nitrate  of  lead  or  of 

^tlyloLla  barytes.  It  is  fomcwhal  foluble  in  alcohol.  Muriatic  acid 
decompofeft  it ;  as  does  uitiic,  and  even  acetous  acid  :  but  the 
refult  of  this  dcc^^mpolitiun  is  not,  as  mi^ht  be  expelled,  nitrate 
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€r  acetite  of  (liver.    At  the  moment  tliat  the  acid  is  cxpolled  Adds  dceonpofe 
from  hyperoxigenized  muriate  of  filver,  a  re^aion  takes  place  [-itt^^ntodT* 
among  Us  dements :  oxig^n  is  difengaged ;  and  the  muriatic  feisimg  the  fil* 
acid  remains  in  combination  With  the  oxide  of  filver.    If  this  v^* 
ftcl  be  compared  with  the  manner  in  which  nitric  and  acetous 
acids  blQ.  upon  hyperoxigenized  muriate  of  potaflii  it  will  giv^ 
a  ftrong  proof  of  the  proportionate  affinities  of  all  thefe  acids 
for  oxide  of  filver,  incomparifon  with  that  which  thdy  exerciCe 
towards  the  alkali. 

Hyperoxigenized  muriate  of  filver^  when  expofed  to  a  veryHypt  os^  m*  of 
moderate  heat,  begins  by  melting,  and  then  gives  out  a  <^*^fi*fl^"ki^&^*|rj 
derable  quantity  of  oxigen  gas,  with  effervefcence ;  and  mu- becomes  muri. 
riate  of  filver  remains  behind.    Thefe  phenomena  however ''^ 
differ  much,  according  to  the  degree  of  heat  applied*    When  With  Mfhm  fi 
hyperoxigenized  moriate  of  filver  is  mixed  with  about  half  its  ^'^       * 
weight  of  fulphur,  it  detonates  in  the  moft  violent  manner ; 
mnd  does  not,  like  hypcroxigenized  muriate  of  potafli,  require 
the  addition  of  charcoal,  to  poffefsa  very  great  force  of  ex|rio- 
fion.    The  flighteft  preflUre  is  fufficient  to  caufe  this  mixtareby  the  flightdt 
to  detonate;  and  I  think  I  Aall  be  within  bounds^  when  IP^^"^* 
flate,  that  half  a  grain  of  hypcroxigenized  muriate  of  filver, 
with  a  quarter  of  a  grain  of  fulphur,  explodes  with  a  violence  st  leall  ten  timet 
at  leafi  equal  to  five  grains  of  hypcroxigenized  muriate  of  pot- 2'  ftrongly  u 
a(h,  with  the  due  quantities  of  fulphur  and  charcoal.     Theo/potift. 
fiafli  is  white  and  vivid,  and  is  accompanied  by  a  fliarp  and 
quick  noife,  like  the  fulminating  filver  fo  ably  defcribed  by 
Mr.  Howard;  and  tlic  filver  is  reduced  to  the  metallic  ilate, 
and  vaporized. 

I  think  it  n'Kht  to  add  a  few  remarks  upon  what  I  have  Order  of  attnc* 
termed  tlie  proportionate  affinities  of  acids  and  of  bafes^  ®"® orides  Ufte- 
for  the  other.     It  is  a  law,  not  indeed  uuiverfallyi  but  fre-<{ueiitlyver7di/- 
quently  obferved,  and  very  well  worthy  of  confi deration,  *bat  ^^'j^l^^?  *** 
the  acids  are  attradled  by  metallic  oxides,  in  a  very  difl*erent 
order  from  tliat  in  which  they  are  difpofed  to  Unite  to  alkaline 
and  earthy  bafes. 

Nitric  acid>  which  holds  fo  high  a  place  in  the  order  of  Adds  commonly 
affinities  for  alkalis^  is  expelled  from  metallic  oxides  by  moftJ^^'^'jfjh'J^ 
acids.     Phofphoric,  fluoric,  all  the  vegetable  acids,  except  two  they  adt  on  the 
or  threci  and  the  animal  acids,  attraft  the  latter  bafes  more  «*«»l»  • 
ih-ongly.    Nayj  we  (hall  find,  upon  an  attentive  examination, 

K  2  that 
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that  acids  commonly  attrad  metallic  oxides^  in  the  invefft 
ratio  of  their  a6iion  upon  metals,  or,  in  other  words,  in  pro- 
'  "  portion  to  their  own  affinity  of  compoiition.     Thus,  the  phof^ 

phoric  and  fluoric  acids  foraetimes  rank  before  the  fulphuric ; 
Hrp.ox.  ID.      and  the  nitric,  as  I  before  faid,  is  generally  very  low.   Hyper- 
add  follows  this  oxfgenized  muriatic  acid  feems  to  follow  the  fame  rule;  and 
takes  its  place,  in  the  order  of  affinities  for  metallic  oxides, 
afler  nuiny  of  thofe  acids  which  it  can  expel  from  earths  and 
alkalis. 
Themetillic  The  other  hyperoxigehized  muriates,  I  have  not  yetfuffi- 

che^rmetdaad  ^^^^^7 examined.     I  (hall,  however,  mention  at  prefent,  that 
nottknrac'id      1  have  afcertained  the  muriatic  (alts,  formerly  known  by  the 
•i^cii^'*'    ftrange  name  of  butters  of  the  metals,  to  be  muriates,  and  not 
hyperoxigenissed  muriates;  and  the  extraordinary  proportion 
of  oxigen,  to  be  combined,  not  in  the  acid,  but  in  the  metallic 
oxide. 

In  tlie  courfe  of  di(rcrent  experiments,  I  have  known  bypcr- 
oxigenized  muriatic  acid  to  be  formed  in  two  cafes,  where  I 
could  not  have  cxpcdled  it. 
Prtcipiutum  of       In  the  analy (is  of  fome  menachanite  from  Botany  Bay,  given 
j;^*^^j;^;j'^to  me  lall  year  by  the  Prefident  of  the  Royal  Society,  I  ob- 
by  potaA,  gave  fervcd,  that  while  the  oxide  of  titanium  was  precipitated  from 
SS^iSdf*    -  ^®  muriatic  acid  in  which  it  was  diflblved,  the  excefs  of  oxi- 
cdox.id.pocaib.  gen  in  the  oxide  palfed  over  to  the  muriatic  acid  and  the 
potafh,  already  in  the  liquor,  and  that  hyperoxigenized  mu- 
riate   of  potadi  was  formed.      I  have  attempted  tlie  fame 
experiment  with  black  oxide  of  manganefe,  but  could  not 
fucceed. 
Whennitro-mu-      There  is,  however,  a  ftill  more  extraordinary  formation  of 
natjc  acid  '*  •jf^  this  acid,  in  ihc  diftillalion  of  nitro-muriatic  acid  upon  platina. 
uMf  the  mera:  is    Oxigcn  is  abforbed  by  the  metal;  yet,  not  only  oxigenized, 
•xi^id,  Mdox.     [y^i  jifQ  hyperoxifi:enized  muriatic  acid  is  formed.     I  have 
Mcid  art  firmed,  repeated  the  experiment  feveral  times;    and  am  well  con- 
vinced of  the  facl,  however  contrary  to  theory  it  may  appear. 
I   have  tried   the   adion  of  oxigenized  muriatic  acid,  upon 
nitric  acid,  in  tlie  hopes  of  forming  hyperoxigenized  muriatic 
acid;    but  there  was  no  adion  to  this  efledt  among  their 
elements. 
This  Mt  iinpcr.      The  fa6t  of  the  produ6lion  of  a  peculiar  ga<i,  by  the  diftilla- 
feftly  feeabe-     ^^j^  of  nitro-muriatic  acid  upon  platina,  has  been  obferved  bjr 
'^'  Mr. 
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Iff.  Dsvy,  in  his  lU/kareha*.  But,  as  byperoxigenused  ma^ 
ratic  acid  was  not  known  at  that  time,  he  could  not  (ay  the 
real  nature  of  that  gas.  Had  Mr.  Davy  carried  his  ingenious 
experiments  a  little  farther,  we  (hould  have  been  much  earlier  . 
acquainted  with  the  lad  degree  of  oxigenizement  of  muriatic 
acid. 

'   Mr.  Berthollet  tertninatet  his  Paper  upon  hyperoxigenised  BmhoDet  confi. 
nniriate  of  potaih,  by  laying,  that  be  will  ooniider  muriatic  ^  JJ'^'^^Sji 
acid  as  the  radical ;  oxigenized  muriatic  acid,  as  correfpond-  a^c* 
ing  with  falphureous  and  nitrous  acid ;  and  the  acid  which  he 
oonjedured  to  exilt  in  this  iiik,  as  correfponding  with  fulphuric 
and  nitric  acid.     I  fliall  now  conclude,  by  dating  the  arguments 
in  fiiTonr  of  each  denomination,  and  the  analogies  upon  which 
they  are  founded. 

'    Muriatic  acid  is  for  us  a  fimple  body ;  but  it  has  acid  pro*  The  trfomeiits 
perties  of  the  drongeft  lund ;  therefore,  from  analogy,  we  f^y^v^^ 
fuppofe  it  to  contain  oxigen.     But  may  not  this  be  too  hady 
a  condufion  ?  Are  we  not  very  doubtfiil  concerning  the  ex* 
idence  of  oxigen  in  prudic  acid  ?  And  are  we .  not,  on  the 
•contimiy,  certain  that  fulphurated  hidrogeh,.. which  pofleffi^   . 
snany  of  the  charaderidics  of  acids,  doe^  not  contain  any  ?  Of  -  •* 

the  oxtgenixement  of  fluoric  and  boracic  adds,. we  have  no 
proof:  bat  then  we  eannot  affirm  that  any  one  of  thefe  acids 
tfxids  in  three  dates  of  combination  with  oxigen ;  and  the  mu- 
riatic is  the  only  radical  of  which  we  admitthis  fad.    We  mud 
not,  however,  pretend  to  limit  the  number  or  degrees  of  combi- 
nations between  combudible  bodies  and  oxigen ;  but  we  can 
fpeak  with  certainly  only  of  thofe  things  which  are  proved. 
Beddes  its  acid  properties,  this  fubdance  has  others,  common  Mar.  acid,  IiJm 
.to  oxigeni^le  bodies.    With  1 6  of  oxigen,  it  forms  an  acid,  STpiS^Si,"^ 
which,  in  many  of  its  properties,  is  to  its  radical  what  the  oxigenisable  bo 
fulphureous  is  to  fulphur.     Like  the  fulphureous,  it  is  volatile ;  ^''^jj^^J^J^ 
has  little  attradion  for  falifiable  bafes;   dedroys  vegetable  i^ta* 
.  blues ;  and  is  capable  of  further  oxigenizement.     With  65 
.of  oxigen,  it  becomes  more  fixed,  like  fulphuric  acid ;  has 
a  dronger  affinity  for  CaJifiable  bafes ;  and  acquires  more  truly 
acid  properties.     Upon  thefe   confiderations,   I  fubmit  to 

*  Pr.  Prieftley,  alfo,  mentions  a  peculiar  {;a8,  produced  hy  di^^ 
}ing  a  folutiop  of  gold  in  m^  ngia* 

the    ^ 
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genlzcd  muriatic  acid  f 
.  Hyperoxigenized  muriatic 


f  not 

m 

■.aaa. 


flatc  of  oQt 


■  «4« 

B  th«  chemical  world,   whether,  in  the  ptefen 

H  kQO\yl«dge,  it  be  not  more  philpfophical  to  {aj 

KHqmcnclituKorMuriatic  radical,  or' 
jAi«hjpot].ti3i.  fontie  fingte  word 
B  of  (he  fame  import, 

Muriatous  acid, 

I^Iuriaticacid,  __ 

Ii  SinotpravcJ        I  am  fully  aware  that,  at  firll  £ght,  this  may  appisr  extraor* 

tttt  .v,ry  «ia    ^-  ^j  ,^,^  ^^^^  J      ^^         ,,^^^  ^^  pofilive  faQs  that 

^L  prove  muriatic  acid  to  be  a  fimple  body,  All  we  can,  tliererore 

^B  cnnlider  fairly,  \<i.  In  lavoiif  of  which  appcllaiiou  does  the  fum 

^M  pf  analogies  feem  to  preponderate.     And,  to  give  the  caiife  m 

H^  candid  inveAigation,  wa  llioul  J  begin  by  confidering,  whether 

H  the  prefence  of  oxigen  in  all  bodies  that  have  acid  properties, 

^  <  has  been  rigidly  dcmonftrated;  »rd  not  determine  by  thi»  law 

of  the  French  chemiftry,  till  ive  are  well  convinced  it  has  not 

(leen  too  generally  alfumed. 

If  a  nomenclatare  be  pot  fubfervient  to  the  ufes  of  fcience, 
uid  doe£  not  keep  pace  with  its  progrefii,  the  relation  between 
lubflance'i  and  their  names  will  become  fo  relaxed,  tliat  confu- 
fion  will  be  brought  about,  by  the  very  means  we  take  to  KToid 
_  it;  and  if,  while  we  contiraeto  extend  our  acquaintance  vr  it  h 

^m  chemical  bodies,   nomenclature  remains  confined  within   its 

^V^  former  limits,  the  bonds  iKat  unite  thefe  two  parts  of  the  fcienc^ 

^F  mutt  inevitably  be  broken. 


NontnclMute 
iliautd  be  pi~ 
vttnei  by  the 
ftOii  indnoc 
On  eontnt)'. 


m. 

On  I'te  prrjial  Stale  <]f  the  Brilijh  Miifiui 


a  CQ'TtJpfndeiit* , 


ThsBrlilfliMu-  It  will  probably  be 
n  Aiiei  n     on  impertinence,  to 
utility  to  (hi 


utility. 


ifidered  a  prefumption,  even  bordering 
mark,  that  no  cFtabliflimcnt  is  of  lefs 
public,  and  none  a  greater  reprpach  to  ihe  ra- 
tion, than  the  Briti(h  Mufeum  in  its  prefcnt  flale ;  but  as  the 
remark  is  made  with  the  pureft  motive,  it  is  hoped  its  apparent 
petulance  ivill  beexcufed. 

That  this  magnificent  and  valuable  collefllon,  bought  by  the 
public  for  their  own  ufe,  and  entertained  at  their  own  k\- 

*  Vfhote  namf  accompanied  the  paper.— W.  N. 
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ptnce^  (hould  be  rigoroufly  (hut  up  from  the  public  thepifdye^ 
is  to  extraordinary  and  difgraceful  a  fad«  that  I  am  wholly  a taf 
lofs  to  account  for  it,  particularly  when  I  reflcd  that  the  fy6^ 
occurs  in  a  nation  who  prides  itfelf,  above  all  things^  on  tho 
Iree  enjoyment  of  its  liberty  and  its  property. 

It  may  be  objeded  to  me,  that  the  Mufeum  is  not  literally  becaafe  the  timet 
ihut  up  from  the  public,  and  that,  on  the  contrary,  it  is  in  th^^'^^f  *^^ 
power  of  any  individual  to  procure  a  (ight  of  it.    True ;  it  is  ii^nicottoftudencsj 
the  power  of  any  one  Lo  procure  a  curfory  view  of  it,  after  tUi^ 
formality  of  infcribing  his  name  on  the  regiAer  of.  aduMffiqny 
luid  waiting  until  the  kteepers  think  proper  to  appoint  him  a  .  -) 

precife  day  and  hour,  when  it  is  very  likely  his  other  engage*  ^ 

meots  may  deprive  him  of  the  poffibility  of  attending.  .  But;«and  theidul  "* 
fuppofe  the  appointment  procured,  and  the  time  convenient,  J'J^ititlDldehorf 
what  gratification  or  inflruAion  can  be  derived  from  prqwliqg  ried  through  a 
through  a  fuite  of  apartments,  at  the  heels  of  a  keeper,  who  ^"*^  ^  "'*'°"' 
is  anxious  to  difpatch  you  as  foon  as  poffible,  and  in  compaay 
of  a  doaen  people,  each  of  whom  is  eager  to  catqU  a  tquifient 
glance  of  every  objed  within  his  reach*  and  ^ach  exdaio^ing 
»t  the  *'  wondrous  furprifing"  things  which  Turroui^d  him.     • 
.    The  library,  the  moft  valuable  and  mod  extpnfively  ufeful  The  library  /md 
part  of  the  BritiOi  Mufeum,  is  precifely  that  part  which  is  moft  o„tj7t*Th^**|j!ea- 
completely  fecluded  from  the  public*    To  viiit  this  it  is  indifi  fore  of  the  ti- 
penfably  neceflary  to  be  introduced  to  the  librarian,  and  to  oU  ^'^'"'"* 
tain  his  permiilion  to  confult  the  colle6lion.     How  difierent  if  Not  fo  on  the 
it  on  the  Continent !  there,  fcarce  a  town  of  any  note  but  has  Coat'n^nt. 
its  public  library,  to  w  hich  free  aocefs  may  be  had  at  all  times» 
by  every  individual,  whether  ftranger  or  native.    How  humil^  Refleaion. 
ating  the  comparifon !  an^  how  Angular  that  London,  where 
the  fciences  and  the  arts  are  cultivated  with  greater  fuccefs 
probably  than  in  any  other  fpot  of  the  globe,  fiioald  bedeftitule 
^f  a  iingle  public  library. 

If  I  might  prefume  to  fuggefr  a  plan  for  rendering  the  BritiAi  Saggeftion  i  diat 
Mufeum  a  real  benefit  to  the  public,  I  would  propofe  that  the  ^^^^£^^1^114 
library,  and  the  colle6lion  of  objeds  relative  to  natural  hillory,  be  feparated, 
&c.  (hould  be  formed  into  two  feparate  eilabliihments,  to 
each  of  which  the  public  might  have  tlie  i'reeit  acccfs  during  as 
great  a  portion  of  the  day  as  poilible, 

The  library  might  be  open  all  the  year  round,  from  eight  in  Regulation!  far 
the  morning  until  four  in  the  afternoon,  and  again  from  (ii(        ^*^* 
until  ten  at  niglit>    It  tliQuld  be  furniflicd  witli  tables,  pens, 

a  and 


l«Sse*(T  sTATC  OP  THR  eniTisM  uuseu 
•ndink:  the  floor  niould  be  matted,  and  the  room  properly 
h«3ted  during  the  winter  (eafen.  The  books  flioiild  be  deli. 
vered  by  ihe  aflifiant  librarian!  to  ihole  who  might  require 
Ihem  J  but  on  no  account  Qiould  any  book  be  pei  mitted  lo  be 
taken  out  of  the  library.  A  regular  regifter  might  be  Itept  of 
the  books  delivered  out  each  day,  with  the  naraes  of  thofe  who 
required  them;  and  the  delivery  might  be  cancelled  as  they 
were  returned  lo  the  librarian.  It  mighl  perhaps  be  proper, 
on  account  of  the  value  of  the  manufcripls,  lo  require  the  ex. 
prefs  permiflion  of  the  principal  librarian  for  iheir  perufal. 

CoBMfning  the       A  proper  fund  (hould  be  provided  for  the  nocelTary  expence 

'thc""b"eaj  "f 'he  library,  whicii  might  beunderthedircflion  of  a  commit- 
tee: fucbfums  as  were  over  and  above  the  expepce  of  the 
maintenance  of  the  library,  might  be  applied  to  the  purchali;  of 
fuch  book.t  as  the  comiDLtlee  fbould  fee  expedient.     But  lo 

I  "  "  contrafl.asfaras  pofTible,  Ihe  eKpence  of  fupplying  the  library 

with  new  publications,  the  donations  of  public  fpinted  indivi- 
duaUfliould  befolicited,  and  the  names  of  tiie  dpnorsregiflercd 
in  a  confpicHrms  manner  on  each  book  they  prefemad.  The 
commiiiee  might  be  empowered  lo  fell,  by  public  au£(ion, 
L  from  time  to  lime,  fuch  duplicales  as  might  be  received,  &c.  and 

be  thought  unnecefTary  to  retaio  in  the  library.  The  accounti 
of  the  library  might  be  adjufted  every  quarter ;  but  they  fhould 
conftantly  remain  open  for  the  infpeftion  of  the  public.  A 
regular  catalogue  of  the  library  fliould  be  printed  in  otlavo ; 
•ndfupplementii  might  be  added  from  lime  to  time,  a;  the  new 
Bcquilitions  (hould  render  it  neceffary :  one  or  moie  of  thefc 
catalogues  (hould  be  conflantly  kept  in  the  library,  for  the 
purpofe  of  general  reference,  A  binder  and  proper  ailiflants 
(bould  be  attached  to  the  library,  through  tvhofe  hands  each 
*voIume  (hould  pafs  at  lead  once  eyery  year;  and  it  raight  not 
be  beneath  the  attention  of  Ihe  committee,  lo  hold  out  premi- 
ums for  any  improvements  which  fhould  be  made  in  the  binding 
of  books,  fo  as  more  eflfeftually,  lo  preferve  them  from  the  at- 
tack of  the  worm,  and  from  gradual  decay. 

Thttollsaionof     "^^^  colleftion  of  objefis  relative  to  natural  hiflory,  Stc. 

Btturil  hiftory.    (hould  be  under  the  fuperinlendance  of  a  feparate  committee ; 

pireOioni  and   this   e/iablilhmeiit,   if  properly  tondufled,  could   hardly 

fail  lo  become  one  of  the  (inert  and  mo(i  inftruflive  repofitories 
in  Europe.  No  nation  is  fo  well  liluated  for  eftabhfliing  a 
wtional  Mufeum  ai  our  own:  our  exleclivc  commetcc,  avd 

tho 
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the  poblic  fpirit  of  individaals,  would  fliortly  fupply  us  with 

Ibe  ciioiceft  rpecimens  from  every  quarter  of  the  globe ;  and 

«t  this  very  moment  thoufands  of  valuable  fpecimens  are 

rotting  in  obfcoritj,  for  want  of  a  national  Mufeum  to  receive 

Ihem. 

•    The  mmngement  of  this  eftaMifliment  requires  confiderable  Arrangement  of 

knowledge  and  ability;  it  would  therefore  be  the  higheft  pre- ^ *^**'^'°^' 

famptioh  in  me  to  attempt  to  dictate  on  the  fubjed.     1  Ihould  Five  clafles« 

ctmceive,  however,  that  the  whole  coiledlion  might  be  advan-  uw™' nJinerS 

tageonily  feparated  into  five  cMes.    The  firft  might  compre- curioruies  ^  ob- 

head  tlw  animal,  the  fecond  the  vegetable,  and  the  third  theJ^^^'  ''^ 

mineral  kingdom;   the  fourth  might  comprehend  objeds  of 

pore  curiofity,  and  fuch  as  were  illuftrative  of  the  (late  of 

Ibciety,  of  aits,  and  of  manufactures  of  various  nations ;  ^e 

fifth  might  comprife  fuch  objects  as  tended  to  the  improve- 

inegt  of>  or  were  Amply  illuflrative  of  the  arts,  fciences,  and 

inanufadores  of  our  own  country. 

In  the  arrangement  pf  ihp  objedts  of  natural  hlflory,  I  would  Natural  hidory^ 
fsggeft  that  the  moft  fsxtenfi  ve  fcale  (honld  be  alTumed,  and  that  ^^i^^** 
fpaoet  fliould  be  left  for  the  infertion  of  fuch  objeds  as  were 
wanting,  and  were  likely  to  be  procured  :  the  places  of  thefe 
ebjedU  (hould  be  fupplied  by  accurate  drawings  or  models,  if 
poffible.     To  each  obJe£t  might  be  attached  its  proper  name, 
both  in  Latin  and  in  Englifh ;  and  a  defcriptive  catalogue  ofCaulqgue. 
the  Mufoum  -ihould  be  printed,  which  might  at  the  lame  time 
lierveasanintrodudion  to  the  ftudy  of  each  clafs. 

The  donations  of  public  fpirited  individuals  (hould  be  foli-  DonaUona. 
cited  for  this  eftablifhment,  as  for  the  library ;  and  the  names 
of  the  donors  (hould  be  regularly  inferted  in  the  public  prints. 
The  committee  (hould  alfo  be  empowered  to  difpofe  of  fuch 
duplicate  fpecimens  as  might  be  (ent,  by  public  audlion. 

A  laboratory  for  the  preparation  of  objedls  of  natural  hidory  Laboratory. 
flKrald  be  annexed  to  the  edablifhment ;  and  the  committee 
might  fae  direded  to  offer  premiums  for  improvements  in  tlic 
art  of  preparing  and  preferving  thefe  objedls.  Tlie  committee 
fDight  alfo  be  enjoined  to  publilli  concife  diredlions  for  travel- 
lers, for  collecting,  prefervingi  and  tranfporting  the  different 
objeds  they  might  meet  with  ^  copies  of  this  work  (hould  be 
given  to  all  who  might  requcft  them. 

I  am  inclined  to  think  tliat  if  this  eftablifhment  was  conduced  Confequencet  of 
fn  an  cxienfive  and  a  liberal  fcale,  it  wpuld  ihortly  comprife  fiy^^,i^VbW 
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^■tendua  orthts  moD  of  the  private  co)Iedion«  in  the  kingdom  ;  Tor  it  u  pre* 

HrAibllAmcnt.    f^^^  ^^^^^  there  are  few  lovcr<;  of  natural  hiftory  who  would 

^V  not  prefer  th«  honourable  appbufe  of  completing  the  rutiona^ 

^1  Mufcum,  to  the  fellifli  pleafure  of  porfeliing  an  inperfe^  and 

^H  ,  comparatively  ufutefs  coUeclion  of  ihptr  ow-n,  efpecially  u 

B^  they  would  enjoy  the  credit  of  the  co11e3ion  et^ually  at  if  it  rc> 

raained  in  tlieirown  private  pofleffion. 

txtrnhta  eftbe      By  degrees  as  th«  collection  enlarged,  and  as  kt  utility  wai 

tAviiam.  niore  fcniibly  fell,  it  is  to  be  prefumed  that  the  nation  might  b« 

induced  to  purcbafe  ground,  and  lo  ercfi  appropriate  and  ex- 

tcniivcbuildingd  to  contain  it:  in  fliort  it  would  fcem,  were 

this  plan  to  be  adopted,  that  Tve  might  indulge  ourfelves  with 

the  profpcfl  of  fpeedily  poffelling  one  of  the  iineft,  the  moft 

intcrelling,  and  moft  inftrudive  cfiabliQiments  in  tlie  unipcrli.-. 


ANNOTATION.     W.  N. 

(Uttlift-     Though  lite  importance  and  value  of  public  edabliHitnentt 

have  been  llrongly  fell  and  admitted  in  ail  age^,  yet  there  hu 

not,  a*  far  an  I  know,  been  any  direfl  inveltigatton  of  the  meiUR 

Thfv  hivE  »i.    of  giving  (hem  permanence  anti  ctfeCl.     A  public  libratv,  col- 

|ouiitfir»i      Ipge_  inftilution,  or  fociely,  maybe  radically  (lcfeSi^■e  in  ita 

ronftitution,  and,  ncvertlielefs,  flourilh  for  a  time  by  virtue  Of" 

the  ability  and  adtive  exertions  of  iti  founders;  and  itis  cer. 

bot  fuon  depy.  'a'n.  that  every  conftilulion  whatever  will  afford  only  a  p«i(h- 

ableeHablifliment,  utilcfs  it  contain  fome  inducement  by  which 

tfuch  exertion^  (hall  be  invitf'd  and  continvied  in  its  favour.  Ii 
t  appears  tn  be  extremely  difficult,  »nd  perhaps  in  flriflncfs  iro. 

pollible,  to  produce  motive!  of  this  kind  by  mere  regulalioni 
and  tniftces,  managers,  inrpcflors,  or  governors,  being  bound 
by  the  letter  of  the  fiatutes.  can  feldoni  be  expected  lo  make 
bthis  ittBene-    advances  in  fupport  of  the  fpirit  of  the  ibundation.     I*  it  an 
tK)  '"e'ii^WefunayoidfiJjie  confeqiience,  that  tchools,  univerfities,  and  fo- 
I  cietics,  lliall  degenerate  into  mere  inftruments  for  conferring 

f  degrees  or  titles?  Arc  all  efiablifliments  pcrilliiible  unlefs en- 

dowed ?  Is  it  from  the  operntion  of  inevitable  caufet  that  va- 
Endewmenii,  rious  endownient<  arc  productive  of  little  or  no  cfi'oa,  and  llt^ 
*■•  niofl    nncndnwcd  cllablifhmcnts  dilappear  in  a  few   years ' 

InAaKii.  Gm-  Among  (be  fortner  we  may  mention  llic  Grelhatn  foiuilatim 

AlUn  College  ind  -^A 

what. 


rRorfi&Tia»  op  the  earth  yttiiia|  SiS,|: 

imd  v^ious  public  libraries  in  this  towo^  with  feveral  coUeges» 
(diooUg  and  focieties,  which  it  would  anfwer  no  good  purpofo 
to  name  without  more  ample  comment ;  and  among  the  latter, 
the  colleges  of  Wanipgtop  and  ^ackney,  begun  with  great 
fpirit,  but  in  a  few  years  abandpped.    Or  may  we  not  rather  The  liiAo^«f 
hope,  that  an  invefligation  of  conftitutippaland  hiAoriqal  finfts,  ^^^l^j^L 
refpefting  all  the  public  means  of  inilru^pn  in  this  and  theibewiMwi» 
peighbouring'countriesj  would  affifl  us  in  the  means  pf  giving  P^^''^  <^^   ■ 
full  energy  to  thefe  important  eflabliftiments?  How  fu%  the  Correfpoodcnty 
colledlions  aiui  libraries  on  the  Continent  regulate  as  to  fupply  'J^'J^j***  ^5^ 
of  materials,  prefervation  from  injury  or  embezzlement,  andcontincatalU- 
jeady  aocets  by  the  Undent?  What  may  be  the  (bite  pf  the  bnriea,  tbt  80^ 
mu&ams  and  libraries  in  London,  and  our  univerfities,  in  thefe  ^c.  b  oido^ 
and  other  refpefts  ?  Can  the  colledive  power  of  any  body  of  make  pn^icfir 
men  be  eminently  applied  to  forward  literature  and  the  fci- 
ences;  and  if  fo,  why  has  it  generally  failed?  &c.    Thefe 
^uid  many  othe^  intereding  fubjedb  of  inquiry,  might  be  cleared 
up  by  Correfpondents  of  Journals,  who  may  not  have  leifure 
for  the  diredl  and  Bxt(jp\e  difcuffion  of  a  fubje^  of  fuch  magni- 
tude and  extent, 

$,'"  ■    ■'         ■■in      ■         I  .^ ■  ■■^ 

IV. 

tjf  tine  Properties  of  the  Earth  Yttria,  compared  tvith  thoje  <f 
Glucine ;  qf  FoffiU^  in  xvhich  the  firft  of  thefe  Lartkt  is  con- 
tained; and  qfihe  Difcovery  qf  a  new  Subjtance  qf  <t  metaBic 
Jiatiure  (TantaUumJ.    By  A.  G.  Ekkberg  *. 

X  HE  firft  part  of  this  Memoir  contains  the  particulars  of  the  Firft  (trtcf  Att 
%)cperiments  made  by  M.  Ekeberg,  to  confirm  the  difference  ^"^'^' 
^xifling  between  glucine  and  the  earth  laft  difcovered  in  ga» 
dotmite,  and  named  yttria  or  gadoline ;  but  as  the  particular 
nature  of  each  of  thefe  earths  is  well  known  to  chemifts,  it 
would  be  fupcrfluous  to  fay  any  thing  in  this  place  on  th^ 
fubjea. 

*  XPMgi,  fwctnjk.  VetenJkapSf  ^ademiens  mya  Haitdlmgar ;  fur 
0tr  1802,  SlyartalL  Fag.  68* 

This  abridged  Memoir  is  fi-om  the  Journal  de  Van  MonS|  but  I 
49fce  it  from  the  Journal  de  Phyfique,  LV.  281  • 

As 
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As  there  is  noyeliy  to  recommend  the  fecond  part  of  thii 

Memoir,  we  (hall  communicate  it  to  our  readers  in  a  faithfiil 

tranflation. 

lAinenl  fub-  The  author  remarks,  that  although  the  mineral  fubftance 

v!flLM>toj!CTn^  ^hich  he  has  difcovcred  contains  yltria,  it  cannot  be  clail^  in 

uining  ft  oietal  a  fyftem  of  mineralogy  as  a  fpecies  of  that  earth,  on  account  of 

Jj^*^  "■"      the  more  abundant  profence  of  another  equally  remarkable 

fubftance/ which  mnft  be  carried  to  the  numerous  clafs  of  me« 

tals.    He  found  this  fubftance  in  two  foflils  obtained  from 

different  fituations  :  in  one  place  it  was  united  with  iron  and 

manganefe,  and  in  the  other  with  iron  and  gadoline. 

Iniolttble  in  all       This  new  melallic  fubftance  is  characterized  by  its  infoln« 

?k  "k"*V  fi^ •  bility  in  ^11  the  acids.     The  only  re-agent  that  has  any  a^ion 

alkali  /  ^^  ^^  ^^  &Tied  canftic  alkali.    When  expofed  to  the  fire  wiHi 

that  alkali,  the  mafs  being  afterwards  lixiviated,  it  partly  dif- 

piecipiuble  by    folvcs  in  Water,  and  may  be  precipitated  from  this  foliition  by 

acid,  but  not  fo-  nieans  of  an  acid,  but  the  precipitate  is  not  in  the  leaft  slU 

'  tacked,  however  great  the  quantity  of  acid  employed.     When 

feparated  by  filtration  and  dried,  it  has  the  form  of  an  ex- 

tbe  precipUftte     tremely  white  powder,  which  docs  not  change  colour  even  at 

white,  even  after  g^fg^  heat.     The  remainder  of  the  mafs  being  treated  with 

**°       *  acids,  affords  the  fame  powder.      Its  fpecific  gravity,  afhr 

IbluWe  by  heat    ignition,  is  6,500.     It  is  fufible  with  the  blow-pipe,  by  the 

with  alkaline      addition  of  alkaline  phofphate  and  borate  of  foda,  but  it  docs 

fate  ^  but  givej  "0*  communicate  any  colour  to  the  flux, 

no  colour.  When  expofed  to  a  ftrong  heat  in  a  crucible,  without  any 

a  mct"li"*button'°**^"'^^  except  pounded  charcoal,  it  is  reduced  to  a  mode, 
bychaicoal;  ratcly  hard  button,  having  a  metallic  brilliancy  at  its  furface, 
andi*  then  ox-  but  its  fradure  is  dull  and  blackifh.     The  acids  have  no  other 

to^bk  b*^»cWi,  *^*®"  ^"  ^"^  ^*"^  ®^  regulus,  than  that  of  caufing  it  to  return 

to  the  dale  of  white  oxide.     The  circumflances  of  the  rcduc* 

iion,  as  well  as  the  fpecific  gravity  of  this  fingular  fuLftance^ 

ieem  to  place  it  among  tlie  metals,  and  I  have  fufhcient  reafo^ 

It  appears  to  be  to  be  perfuaded  that  it  is  not  the  fame  as  any  of  thofe  hitherto 

a  new  metal}      Jtnown.     The  fubftanccs  with  which  it  is  likely  to  be  con- 

ifounded  are  the  oxides  of  tin,  of  tungften,  and  of  titanium, 

which  are  foluble  in  the  cauflic  alkalis^  and  in  .'ill  circum- 

Rot  tin,  becaufe  ilances  reiift  the  adiion  of  acids.     But  the  oxide  of  tin  is  eafy 

infoluble,  and     ^^  ^ye  diiTolved  and  reduced;  tungften  is  eafily  detefled  by  its 

ducible ;    '        folubility  in  ammonia,  and  by  the  blue  colour  it  communicates 

nor  tungften,  ^  |^ 

becaulii  it  is  nei« 


»kO»EftritS  or  tRB  tARTIt   yttftiA*  ^1 

Jb  phofphate  of  foda ;  tiie  oxide  of  titaniam  gives  to  borax  the  ^^er  felobk  im  > 
coloar  of  hyacinth,  and  becomes  foluble  in  acids  when  fiifed  !|!I!?^"Sl!L. 
With  carbonate  of  potafli  *.  Jour  id  phoC    : 

Before  the  author  defcribes  the  chemical  analyfis  he  has  un-  ^^^^-^^       ' 
dertaken  of  thefe  two  fubftarices,  which  he  regards  as  ores  of  becabfe  ft  don  ^ 
the  new  metal,  he  has  chofen  to  dcfcribe  their  external  cha- "®*  *®^®*f  ^  ' 
raders.     In  order  to  avoid  circumlocution,  he  has  ventured  to  (blnhh  in  ■dds 
give  them  a  generic  name.     By  availing  himfelf  of  the  ufage  ^^^^  ^^  ^it^ 
which  admits  of  mythological  denominations,  and  in  order  tOExterndcbanc* 
€xpreft  the  want  of  power  of  this  new  metal  to  become  fatu*  ^n* 
rated  with  the  acids  into  which  it  is  plunged,  he  has  given  it  The  new  metal 
the  name  of  tantaUum;  for  the  ore  compofed  of  tantalium,  oi^^^^^^^ 
iron,  and  of  manganefe,  he  propofes  the  name  oftantalite;  and  its  ont  ttntafiis 
for  that  containing  y ttria,    the  appellation  of  yUrotarUaiite,  ^  yttrounti- 
which  cannot  be  thought  more  heavy  than  that  of  fiderotitani- 
1UB,  already  adopted. 

He  received  the  fpecimen  of  tantallte  from  M.  Geyer>  Di-  Locality  and 

redor  of  Mines,  who  has  affured  him  that  this  fubftance  has  f  *"^  *^*  ^ 
.  tantallte* 

been  known  fince  the  year  1746,  and  has  been  regarded  as  a 
problematical  variety  of  tin  garnet  (zinngraupcn).  It  is  found 
near  the  farm  Brokaern,  in  the  parifli  of  Rimito,  in  the  go- 
vernment of  Abo,  in  Finland,  in  a  large  mountain,  on  the 
banks  of  the  Baltic.  The  gangue  is  compofed  of  white  quarta 
and  mica,  with  veins  of  red  feld  fpar  in  large  plates ;  fub- 
fiances  which  compofe  the  fides  of  the  gangue.  The  titanite 
is  diifeminated  in  the  form  of  garnets. 

The  fpecimen  s  he  has  feen  were  in  detached  cryftals,  of  ^'**  ■■**  ^^^ 
the  fize  of  a  nut,  the  moft  regular  among  which  feemed  to^  ^'^ 
approach  the  octahedral  form:   they  contained  particles  of 
feld  fpar  and  mica.  « 

Their  furface  is  even,  poliflied,  and  blackifh.  Suiface. 

FraAure  compact,  and  of  a  metallic  brilliancy ;  colour  of  Fradure. 
the  fradure  not  alike  all  through ;  it  varies  between  a  greyifh 
blue  and  the  black  of  iron. 

When  pulverized,  it  is  of  a  blackiih  grey  approaching  to  Powder ;  grey 
brown.  *»'^^'^^^- 

.  *  The  author  neverthelefs  entertained  fome  fufpiclons  tf  the  iden- 
tity of  this  new  fubftance  with  the  latter  metal,  and  nothing  but  a 
coaparifon  with  the  titaneous  iron  of  Norway,  which  he  decom- 
pofed  with  this  riew^  convinced  him  that  this  identity  does  not  ejuft. 

It 


EARTH    YTTrU, 


allied  < 


PowJcr. 

Not  m^nclioT. 


It  i>  fufficicntty  hard  to  give  Tparks  with  the  ile«I. 

He  diij  not  remark  whethtii  il  is  attraflcd  b/  the  magned 

iLsfpetific  gravity  is  7,953, 

The  ytlrotantalite  is  found  in  die  fame  place  and  in  the  famd 
gangue  ai  gadnlinllc.  Kiaprntli  fays,  thai  the  latter  is  found 
incfulted  in  a  mafs  of  granits;  but  tliough  the  confilluent 
parts  of  granite  arc  occaBonaily  found  with  il,  it  isnot  thelels 
inlided  that  fcldrpar  is  its  true  gungne,  as  is  dearly  fecn  in  the 
in/lances  of  the  great  cjua-rrji  at  Vtterby.  The  mica  and  quarte 
found  in  it  (brm  diAiiifl  parts,  and  do  not  vnter  into  combina- 
tion with  the  rt;]drpar  j  (he  fpealt)  only  of  the  niallcs  of  the 
principal  rock,  witlunil  difpulitig  the  poffibility  of  particles  of 
the  titrce  fubllances  being  found  mixed] ;  but  in  general  it  is  a 
rock  of  feldfpai  interfected  by  large  veins  of  mica  in  a  direflton 
■Jmaa  perpendicular;  and  the  gadolinile  and  yttro  tan  tali  Le 
lire  to  be  Ibught  ncnr  tliefe  veins.  Tlie  firll  ii  conimouLj 
fiiand  allached  to  one  flde  of  a  vein  of  filvery  mica,  and  the 
r-^fl  of  it*  mafs  pnvcloped  wilii  fcldipat.  The  feconJ  is  never 
Ibuiid  immediaicly  adherent  to  mica.  The  niaJTes  ur  kidni« 
which  it  forms,  are  enveloped  with  a  thin  cruft  of  feldffKir, 
l^piiraled  troin  the  generiLl  mufs  by  flight  layers  of  a  greyilh 
hluk  mica.  The  gangues  cliargcd  with  thefe  kidnies  are 
Idduni  infulalcd :  They  are  found  in  cluliers,  feparated  from 
the  pfinetpal  rock  and  Irom  unc  anotliet  by  bmilar  coatings 
of  mica.  Thdi?  fubAanccs  are  generally  thus  difpofcd  by  na- 
ture, and  It  If-  very  feldum  that  llu;y  arc  tbund  dilleminated  in 
grains  in  tlie  ruck  of  feldfpar. 

Till!  largefl  m»IIci  be  Euu  foutid  of  the  ore  uf  y ttrotantalium 
were  luit  ol  the  li^ce  of  a  nut  Its  fracture  is  granulated,  of 
tilt;  bWk  colour  of  iron,  with  a  metallic  bnllianty. 

Its  lmidnel>  U  not  couliderable ;  it  may  be  leraped  t 
iuiifu,  though  diflkultly.      7 

When  iu  powder  it  is  iifa  grcyilh  colour. 

1'itv  tuagncl  doL-s  nol  altcafl  it, 

its  fpeci^c  gravity  whk  found  to  be  5,130;  buta 
tTicii  vrai  found  lotully  free  from  feldfpar,  it  wa^  fufpected  thai 
iti  real  weight  ij  more  toniiderable. 

Th«  itbridgur  (.onclndes  his  oxtrafl  by  giving  an  onlUne  of 
that  part  of  M.  f.kcberg's  Memoir,  which  treats  of  the  analylit 
of  gadi'ltnilp  and  thecomparifon  of  yttria  with  glucine,  wliich 
fcvera!  writer?  have  affirmed  to  be  ofthelaiDC  nature, 

Gadolinite 


I  wittia 
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^  Gidolinile  when  pare  is  hard  enough  to  give  fire  with  (leel.  it  UHMrdly 
It  is  found  cryiiaUized  io  an  imperfed  manner  like  fomecryftainxei; 

ipecies  of  garnets. 
It  contains  glucine.  contaiM  gta^M 

.  Befides  the  diAinAions  between  gadoline  and  glucine  eila^  OadoUne  104 '  ! 

UiOiedby  Klaproth  and  Vauquelin,  thefe  earths  differ  in  theil"<^^^^    ' 

following  peculiar  properties. 

The  fpecific  gravity  of  gadoline  differs  confiderably  from  in  fpec.  pvntyi 

that  of  glucine,  which  is  only  2,967,  whil/l  that  of  gadoline  is 

4;|417»    This  lad  earth  is  the  heavieff  of  all  the  known  earthy 

fubfhmces,  fince  it  is  0,842  heavier  than  barites,  which  only 

weighs  4,000. 

It  is  foluble  in  the  alkaline  carbonates.  Gadoline  \t  (o» 

It  is  abfolotely  infoluble  in  the  cauftic  alkalis.  w^towt^l'*'^ 

It  is  not  precipitated  by  the  fuccinates  as  glucbe  is.  not  in  pure  alk. 

nor  (like  glu- 

*       .    r '  ii        II         I      I  f  1  I  cine)  precip.  by 

fucciiutes. 

V. 

On  the  ProbabiUty  that  the  Eruptions  qf  Lunar  Vcicanosjnwf  reach 

the  Earth.     Btf  J.  B. 

To  Mr.  NICHOLSON. 
SIR, 

Cambridge,  Nov.  6,  1802. 

X  HE  fa£i  of  Ilony  and  metalline  fubflances  having  at  differ-  Scones  hWtn  on 
ent  times  fallen  on  the  earth,  fcemsto  be  confirmed  by  fuch^  '^^* 
(Irong  evidence,  that  a  doubt  can  fcarcely  remain  as  to  its 
reality ;  permit  me  through  the  medium  oF  your  Journal,  to 
offer  to  your  readers  an  attempt  to  account  for  this  phenome- 
non.    The  exigence  of  lunar  volcanos,  at  leaff  equal  in  mug-  Lunar  vokanoi. 
nitude  to  thofe  of  the  earth,  has  been  proved  by  ocular  dc- 
monffration*     The  velocity  with  which  a  body  muft  be  pro-  Velocity  of  s 
je£ted  from  the  moon's  furface  fo  as  to  be  carried  within  the  UJ^J^n'  f^  the 
fphere  of  the  earth's  attra6lion,  is  about  12^000  kai  per  fc-mooiu 
cond ;  now  when  we  confider  the  height  to  which  volcanic 
(ubdances  are  proje^ed  during  an  eruption,  and  how  very 
Gonfiderable  a  part  of  fwift  motion  muff  neceilarily  have  been 
deftroyed  by  the  refinance  of  the  atmofphere,  I  think  it  by  no 
means  improbable,  that  the  force  exerted  may  be  confiderably 
greater  than  would  be  neceffary  to  carry  a  body  12,000  feet  im 

vaiuo. 
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^J  j»w*J-    Tocuo. '  The  atmofphere  of  the  moon  cannot  offer  fo  great  te* 
2SL  fiftance  to  the  motion  of  bodies  as  that  of  the  earth,  as  it  is 

certainly  much  rarer  than  ours,  and  probably  its  height  is  not 
WiMBce  bodies  much  greater  than  that  of  the  lunar  mountains.  From  all  thefe 
t^bt  offSr*^    circumftances  taken  together,  I  think  it  by  no  means  impro* 

bable  that  the  volcanoes  of  the  moon  may  occafionally  projeA 
bodies  with  fufficient  force  to  carry  them  to  the  earth. 

I  remain,  SIR, 
}Our*s, 

.     J.  B^ 


.  1 


OBSERVATIONS.— W.  N. 

Remarks  on  the  Agaiiiii  tlie  conjcdure  of  J.  B.  it  feems  to  be  a  principal 
tbove  letici  j  diflicuhy  that  the  Aones  fallen  on  the  earth  are  thought  to  have 
arrived  in  a  (late  of  ignition,  which  they  mu A  have  preferved 
through  tlieir  immenfe  pa(&ge  from  the  meon.  If  the  meteors 
or  ignited  globes  be  allowed  to  be  ftones  of  the  kind  in  quef- 
tion,  their  extreme  velocity  in  fome  inflances  may  be  thought 
Ui  favor  his  hypothefis.  But  this  fubjedl,  like  every  otlier  in 
which  the  data  are  few,  affords  wide  range  for  fpeculation. 
When  we  reafon/ro//t  emr  xaant  of  knowledge,  there  is  fcarcely 
any  branch  of  fciencc  more  favorable  to  the  proccfs  than  che- 
with  other  Tcry  ^liftry .  We  are  ignorant  of  the  component  parts  of  the  earths, 
looTe  Conjee-  the  metals,  oxigcn,  azote,  hidrogen,  &c.  and  of  the  very 
exiftence  of  light,  caloric,  eledtricity,  and  magnetifm,  as  inde- 
pendent bodies.  Some,  if  not  all  of  the  former  may  be,  and 
moll  probably  are,  compounded.  We  fee  very  fudden  or  in- 
fluntaneous  fcparations  of  water,  light  and  electricity  from  the 
atmofphere.  May  not  iron  and  nickel  be  among  its  ingre- 
dients, and  may  they  not  by  caufes  equally  unknown,  be  no 
icfs  rapidly  fcparatcd,  with  the  emiflion  of  light  and  heat  ? 
Even  if  thelc  niotals  exift  in  the  atmofphere  dilTeminated,  fuf- 
pcnded,  or  ditlblved  like  aqueous  vapors,  (and  we- know  they 
emit  effluvia  perceptible  to  the  fmcll)  their  quantity  may  elude 
all  chemical  tefts  from  its  minutenefs,  and  flill  be  fufiicient  to 
anfwer  the  phenomena.  A  cubic  foot  of  air  does  not  weigh 
100  grain<i,  and  if  one  thoufandth  part  of  this  were  metal,  the 
quantity  contained  in  the  air  to  the  height  of  300  feet  over  a 
iingle  field  of  ten  acres  would  be  about  a  ton  and  a  half,  of 
which  a  fmall  part  being  precipitated^  would  afford  a  prodi- 
gious fhgwer  of.ilones, 

VI.  Enquiries 


DILATATION    OF    tHB    GASK9*.' 


257 


VJ. 

inquiries  concerning  the  Dilatation  of  the  Gqfes  and  Vapors. 
Read  to  the  National  Jnftitute  qf  France.      By  CxT.  Gay 

LUSSAC. 

(Concluded  fyom  Page  216.) 

X  HE  following  is  the  table  of  refults  of  Citizen  Guytonand 
Davemois,  in  which  they  have  placed  between  brackets  thofe 
in  which  they  place  little  confidence. 


Fromb* 
to  lO* 

Froin  »o* 
to  40^ 

From  40* 
to  60* 

From  6b* 
to8o* 

Fromo* 
to8o« 

Common  air 
dilates  to 

1 

1 

I 

t^  '   ^ 

1 

12,67 

5,01 

2,49 

V  3,57  ^ 

1,067 

Vital  air 

1 

1 

1 

i'+  ..73) 

^+        ^ 

22,  J  2 

4,92 

1,53 

"       2,09 

Azote  gas 

1 

1 

1 

57, 2 

^+        ^ 

29,41 

1 

5,41 

1,82 

'     1,062 

Hidrogcn 
gas 

1 

\  <5,«5y 

r    '    ^ 

1 

11,91 

6,92 

V   58,82  y 

2,55 

Nitrous  gas 

1 

1 

1 

/^      '        \ 

1 

16,33 

9,00 

3,739 

\    0,88   / 

1,63- 

Carbonic 
acid  gas 

1 

I 

I 

C    '    ^ 

1+       ^ 

9,0  i-y 

5,099 

2,31 

V    3,09  J 

■      106,3 

Ammonia- 

1 

1         1 

'+   1,35 

(^+4.6.)! 

M         ' 

cat  gas 

3,58 

1       1,75 

'      1,248 

Before  I  proceed  further,  I  ought  to  prcmifc,  that  though 
I  had  frequently  found  that  oxigen,  azote,  hidrogen,  carbonic 
acid  gas,  and  atmofphcric  air,  dilate  equally  from  0^  to  80^, 
Cit.  Charles  had  remarked  the  fame  properties  in  thefe  gafes 
fifteen  years  ago ;  but  having  never  publiflied  his  refults,  it 
was  by  mere  chance  that  I  became  acquainted  with  them. 
He  likewife  endeavoured  to  determine  the  dilatation  of  gafes 
,  Vol.  Ill,— December,  1S02.  S  which 


irticnh       ^ 

his  re-         I 
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•  whirli  are  foluble  in  waleV,  anJ  iic  founil  in  each 

dilatation  difTeriiig  from  ihofe  of  the  otlicr  garcs.  In  ihls 
fpeft  my  cxperitnenls  differ  much  from  his. 
ApfintMef  The  apparatus  of  Cic.  Charles  coiiAflcd  of  a  baroinelcr 
Abiramei*'  "''"^^  shamber  or  upper  fpace  was  of  grea!  eslcnf.  The  gat 
with  1  laec  Yi-  on  wliich  the  experiment  was  to  be  perlbrmed  was  enclofcd 
ciium<  J"^'""  in  the  refervoir,  or  lowtr  fpace  of  the  baromelcr,  at  the  Icm- 
fat(h<e»t>>  peralureO",  and  under  the  prciTure  of  28  inches  of  mercury, 
p.eft  on  the  When  the  barometer  wai  plunged  in  boihng  water,  the  mer- 
'"""'''■  cuty  rofc  in  the  lube,  a»d  (he  excefs  of  the  whole  column 

above  2S  incites  indicates  iJic  ekllicity  acquired  bytlicgas; 
ThtiiTO  in«-  but  Cil,  Charius  having  had  the  poHtenefs  to  flicw  me  hii  ap- 
Ai^r  ''"tht  P'™''"'  '  '""*  "'''*  ''"^  '"^"^  '^^ 'l'*^  barometer  was  too  large  in 
netcurf  give  proportion  lo  the  capacity  of  the  refervoir  j  fo  that  ihe  eleva- 
"°™  for  tx-  liuj,  „)■  ,i,e  mercury  above  23  inches  did  not  indicate  all  the 
*  fpritig  the  gas  had  acquired,  becaufe  in  that  cafe  hi  volume  in 

I  the  refervoir  ought  to  huve  remained  conftant.  Il  appears  then 

to  me,  (hat  the  real  dilatation  of  llic  gafcs  cannot  be  decided 
from  his  experiments. 
Art.  III.     Deliriplion  of  .ipparatui. 
iriiuifnr       A  receiver  B  (Fig.  I.  PI,  IX.)  has  a  cock  of  iron  R,  to 
\b'^'l\^    which  may  be  adjulled  a  bended  tube  I,  D,  (Fig.  2).     The 
ifODcock;  filledkey  of  ihecock  carries  a  lever  L  L  bored  at  its  two  estrcmi- 
uufuai,  uii     ties  in  order  to  receive  two  cords,  by  means  of  which  [he 
wiieriobe        cock  muy  be  opened  and  Hiul  under  tlie  water.     In  order  to 
he«ca.    The     introduce  ihegn?  inlothe  receiver  I  ufc  a  belt  glafs  M,  [Fig.  I.) 
«p.^°indf«ti  'o  '^'''•^''  ^f*  adapted  a  coek  and  bended  tube  T,   jilunged  in 
«ut,  md  the      a  veflel  Q,  S.     When  water  is  poured  into  (he  veflel,  and  llic 
T^i!""  ""'  <^<'<^'=  opened,  the  gas  comprcOcd  in  the  bell  efcapes  through 
the  lube  and  fills  the  ri:ceivcr  B,  reverfed  on  a  batli  P,  O,  of 
mercury.     The  receiver  B  being  full  I  iliut  the  cock  :  I  adjnft 
the  tube  I,  D,    (Fig.  2.)  to  i(,  and  I  fix  il  in  a  cylindiical 
cage  of  iron  E,  F,  G,  H,  which  I  then  carry  to  a  copper  vcl- 
fel  A,  D,  fillfid  with  water.     lu  order  that  there  might  be  no 
communication  between  the  exterior  air  and  Ihe  gas  inclofed 
ir  the  receiver,  when  Iho  cock  is  opened  I  cuufe  the  exlre> 
miiies  of  the  lube  1,  D,  of  one  or  two  millimetres  (thirlislhi 
ofariindi)  to  be  plunged  in  a  fmall  bath  K,  X,  of  mercury. 
Thi»  dune  I  heal  the  baili.  and  from  10°  to  10"  for  example, 
1  open  the  cock  and  lliul  il  i  in  mediately.     The  gas  dilated  by 
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the  beat  coming  bn'lkl^  out  or  Uiv  receiver,  quickly  drove  oIF 
the  atmorpherio  ait  that  filled  ihe  lube,  and  oiler  the  40^  tke 
cock  may  be  fat'elj-  leti  open  during  the  remainder  of  the  ope- 
nlion  :  I  pteht  however  alternately  opening  and  fhultiog  it, 
becaufa  I  iind  that  the  gas  of  tlie  receiver  actjiiirei  the  tern- 
petature  of  the  balh  belter.  After  15  or  20  minutes  of  ebul- 
Jilion,  a  time  fuflicictit  fur  llic  whole  to  acquire  the  fame 
temperature,  I  difengage  the  extremity  of  the  tube  1,  D, 
from  ilie  mercury  in  order  lo  re-eftabhfti  the  equilibrium  of 
prelTure  between  the  exterior  air  and  the  gai  of  the  receiver, 
and  1  tliL-n  clofe  Iho  cock.  After  having  cooled  the  bath  with 
ice  or  water  I  lake  away  the  apparatus,  I  difengage  (he  re- 
ceiver from  which  1  take  the  lube  I,  D,  and  tlie  lever  L,  L, 
and  I  plunge  it  altogether  in  a  batli  of  a  known  lempeimture, 
where  I  leave  i(  a  fufficieiil  lime  to  acquire  its  temperature. 

When  the  cock  is  opened  a  volume  of  water  enters  the  re-  The  r*l»it»e 
ceiyor,  which  wlien  reduced  lo  a  level  U  precifely  equal  lo  ^^L^'""  *" 
that  of  ihe  ga^  expelled  by  Ihe  heal.     When  the  cock  is  (hut  pmLutei  dctei-.* 
I  withdraw  the  receiver;  I  dry  its  exterior  furface  with  care,  'uinfdhy 
and  I  weigh  it  in  this  ftale.     I  then  weigh  it  firll  fall  of  water,  "*"'     '" 
and  then  empty,  and  note  the  refulu  of  each  vreighl.     By  thii 
knowledge  I  obtain  llit:  capacity  of  the  receiver  by  fubtiafting 
iU  weight  when  emply.  from  iti  weight  when  filled  wilhwa> 
ter;  and  alfo  the  volume  of  the  water  which  reprefenls  the 
voliunu  of  air  eiipclled  by  the  heal  from  liie  receiver,  by  fub- 
IrafUng  again  the  weight  of  Che  receiver  when  empty,  from 
its  weight  when  containing  this  water.     Hence  it  is  very  eafy 
to  determicie  the  proportion  of  the  firH  voltime  of  the  aii  to 
dial  of  the  dilated. 

This  method  has  the  advantage  of  being  very  exaA;  for  ai  Tti'umFihid  it 
(he  volumes  are  determined  from  ihc  weights,  any  error  Ihal  ""^  '**"■ 
is  commitled  in  this  delerminalion  uiuft  bo  very  trifling,  erca 
iftha  fcnki  employed  Hiuuld  be  but  moderately  lenliblc. 

The  apparatus  I  havejnfl  defcribed  is  Ijmpic  enough  in  it- Anetbrr  ipp*. 
Wf  J  bul  ai  it  contains  cement,  and  a  cock  which  ought  to  be  ""^  ""''?  " 
fnade  of  iron  on  account  of  the  morcniy,  it  ii  rather  dlRicult  e,r,iy  c^„. 
to  execute.     It  wilt  col  ihcrefore  be  amilV  to  dcfrrlbe  another  flt"ft=J- 
apparatus  whtcli  I  employ,  and  which  on  account  o(  its  gre«t 
fiapticUyand  ^afy  execation,  very  nearly  conibtnes  all  the 
of  the  tCH(Eu;r. 

S2  U 
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jj  Wy  «;t1i  . ,       Ii  i,  a  fiinple  globe  or  body,  and  fhcrcck  of  whicli  muft  Ife 

Wi(iKc  j  (.«■  ^j  (p^jj  ^^^  decimctie  (about  fear  iticheO  long.     After  having 

'  filled  it   \«ith  ihe  gas  by  tin:  meOiod  already  dcfcribed,  I 

ingeJ  in  mft- plmigc  its  neck   about  two  centimetre*  (three  quarter*  of«ti 

'^'  incli)  in  mercury  coiilained  in  a  common  glaC*  veflei,  and  I 

fecure  it  b)  an  iron  frame  like  the  preceding  appnralus.     if  I 

were  lo  plunge  it  in  lliis  flale  into  a  batli  of  Jiealei!  water,  the 

dilated  gas  in  order  to  tfi'spc  would  liavc  to  overcome  not 

only  Uie  prcflurebf  the  mercury  in  the  glafs,  but  likewife  that 

fnull  tube  to  ol  tlie  water  of  the  bath.     To  remedy  this  inconvenience,  I 

STthe'o'tET    introduce  into  llie  neck  of  llie  receiver  llie  extremity  of  a  very' 

whennqui-   fine  bended   lube,  taking  the   precaulion   to  keep  ihc  upper 

'■  aperture  eloled  till  the  lube  is  plunged  beneath  the  mercury. 

To  fupport  llie  tube  I  lie  a  firing  about  its  midtUe,  to  the  end 

of  whidi  I  fufpend  a  weight,  and  1  pafs  it  over  a  fupporl  in 

(iich  a  manner,  that  the  cord  by  its  a^iun  (ball  liave  a  ten> 

dency  to  draw  ihc  tube  upwards.     T!ie  apparatus  being  thus 

r,  difpofed  I  plunge  it  in  a  glafs  veffel,  the  walcr  in  which  mnfl 

be  on  a  level  with  ihal  in  Ihe  bath  ;  1  open  the  extremity  nf 

llic  lube  for  an  inflant,  thai  the  equilibrium  of  prelTure  wilh 

ftrrifion  of   tht;  L'Xlcrnal  aic  niay  be  redored,  and  I  llien  lliut  il.     As  there 

'  ■"""')' '"  is  a  fcile  marked  on  the  neck  of  ihe  receiver  whcfo  divilionN 

we  extremely  minute,  1    find  exaflly  the  level   or  (tation  oF 

the  mercury  in  Ihcneck,  and  I  note  it,  becaulc  it  is  at  thii 

llalton  Ihat  the  capacity  of  ihe  receiver  terminates.  The  lower 

extremity  of  ihe  tube  mud  rife  clearly  above  (he  furface  of  ihe 

l^eicury,  which  otherwife  would  flow  into  the  tube  and  refiO 

die  palfage  of  ihe  dilated  gas.     After  all  ihefe  openlion!), 

which  arc  longer  in  Ihe  defcriplion  than  (he  execution,  I  carry 

V>>ih*'PP>*  the  apparatus  lo  a  balh  of  hot  water,  and  I  open  the  upper 

hoil'ing  witer,  ^''""'''''y  of  the  tube,  after  having  plunged  it  into  a  fmnll  bith 

e  (ipudcd  g»  of  mercury,  as  in  Ihe  prt-ccding  arrangement.     When  (he  rc- 

^hT^th^^     ceiver  is  at  the  temperaliire  of  boiling  water  I  withdraw  th« 

thMwithtinwn.  lubi-,  the  extremity  of  which  mufl  be  previoully  difcngaged 

WrteMifafferedfrom  liio  meicury,  and  I  cob!  the  balh.     The  mercury  tlien 

rf>jnt«  a  it      |.j|j.j  ]jj,^j  ,j|j.  fe(^j^,cr ;  but  il  is  eafy  (o  fubltitule  water  as  the 

temperature  dimiaillies.     The  capacity  of  tlie  receiver,  and 

llw  volume  of  water  which  replaces  Ihe  gas  expelled  by  heat, 

aod  ihe  eipjn-   j,  determined  in  the  manner  already  defcribed ;  excepting 

by  wti(h".'""'    t''"*  '"  ''''^  deletiai nation  to  the  weight  ol'  ttie  tmpiy  receive^ 

;:  rauft 
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.hiqA  be  ^{idded  tbal  of  a  cylinder  of  water  tenAinated  a^xme  '     .     :-    > 
end  by  tlie  lineof  Ihe.ftation  of  tlie  mercury*  and  at  (he  other  '  ^ 

by, the  neck  of  the  receiver. 

I  might  add  a  few  more  details^  but  I  iball  fupprefs  them 
for  the  fake  of  brevity,  and  bec*aufe  perfoos  very  litde  accuf- 
tomed  to  manipulation  wtU  eafily  fupply  thedefeA. 

However,  >  as  it  is  important/ from  what  I  have,  already 
faid  to  exclude  water  entirely  frpm  die  apparatus.  I  fluiU 
mention  how  I  fuccccded  in  completely  effedting  this  pur- 

.     If  the  receiver  was  vifibly  moid,  I  firll  dried  it  with  blotting  Methodi  of  ce* 
paper,  and  then  heated  it  fo  as  to  evaporate  part  of  the  water  jJjJ^'JJ,^^ 
f I  might  Aill  contain,  and  by  means  of  bellows,  to  which  I  ^. 
adjufted  agJafs  tube,  I  expelled  the  vapour  by  a  current  of 
iair.     Tbefe  lad  operations  being  repeated  (everal  times  on  ^ 

the  receiver  and  tube,  both  were  found  perfectly  dry.  The 
mercury  which  I  ufed  in  my  experiments  was  always  em- 
.ployed  very  dry  and  pure. 

•    In  all  the  experipients,  the  refults  of  which  I  am  about  to  Tbt  tenni  of 
give,  I  always  reduced  the  gafes  (the  dilatation  of  ^^*ch  ?"^J^*  "* 
could  be  determined  by  the  apparatus  here  defcribed)  to  the  ezperimtnti 
temperature  of  melting  ice.     For  this  purpofe  I  had  a  bath  TJVS***"*  ^ 
with  tee  in  it,  into  which  the  receiver  was  wholly  immerfed,  ter, 
mfier  having  withdrawn  it  from  the  bath  where  it  was  placed 
ibf  the  experiment,  and  was  left  there  for  about  half  an  hour, 
during  which  I  often  Airred  the  ice.     The  other  fixed  tempe- 
rature, at  which  I  reilcd  for  the  fame  gafes,  was  that  of  boil- 
ing water. 

I  made  fomc  experiments  at  other  temperatures ;  Iwt  they  Expenmsnti  at 
require  to  be  again  repeated,  and  will  -befides  form  a  part  of  ^^  tempers 
a  work  I  have  begun  on  the  law  of  the  dilatation  of  gafes  and  be  repetted* 
vapors.     I  (hall  therefore  confine  myfelf  to  the  dilatation  of 
gafes  at  a  fixed  elevation  of  temperature,  which  Hiall  be  thai 
comprifed  between  the  degree  of  melting  ice  and  the  boiling 
point.     With  regard  to  the  vapors,  I  (hall  compare  their  dila- 
tation with  that  of  tlic  gafes. 

Art.  IV.     ExpcrimenUt  and  Ref alts. 

•  •  ■ 

^  When  I  ufed  the  two  apparatufes  here  defcribed^  but  of^  Ezpanfion  fivm 

itner  the  fecond  than  the  firil,  and  avoiding  all  the  caufes  irff"****"*  ^  ^^ 

*  lag  water, 

uncertamty 
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:  niKcrUinly  that  I  could  Turpef),  I  obtained  the  ToUowiti^  fix 
refulti  (Void  fin  experimanLs  on  almofpheric  air  ■■ 


From  fhe  fcmperatiire  of  mt-lling  ice 
(o  that  oi'  boiling  water,  equal  vo- 
lumes of  atiDoipberic  air  reptelented 
by  100,  became         -        -        . 


137.57 
137,50 


+  The  mean  refult  isahout     - 

•  If  tii«  total  augmentalion  of  volume  be  divided  bj  tlic  ntJO' 
ber  of  degrees  wliich  produced  it.  or  by  60,  it  will  be  found, 
by  making  the  volume  at  the  temperature  O  equal  to  unity, 
that  the  augmentation  of  volume  tbreiich  degree  is  ttt-tT>  ^ 
■j^.yj  for  eacli  degree  of  the  centigrade  therraomf  ter. 

«  A%  Oe I uc  obtained  ^1^  for  his  coefficient,  it  Teems  at  firfi 
fight  that  our  refulti  are  die  lame ;  but  if  it  be  obfetved  that  be 
began  at  the  temperaturB  16°^.  and  that  I  began  at  0*"^  it 
will  be  feen  that  our  refuKs  arc  confiderabiy  different.  1  Ihal] 
explain  this  ditTi^rencc  elfewbere,  and  Ihew  that  the  coeCH- 
cieiits  uf  dilatation  vary  according  to  the  temperature  of  conii' 
me  nee  meet. 

1-  Hidrogeti  gas  obtained  from  iron  by  v^eak  fulpburic  add 
was  fubrailted  to  (wo  experiments  :  in  one,  by  an  elevation  of 
temperature  from  the  degree  of  melting  ice  to  that  of  boiling 
water,  100  parts  became  137,43;  and  in  another  by  the 
fame  eluvation  of  temperature  I  (X)  parts  became  IS7,6S,  The 
mean  of  tbeie  two  refulls  is  137,52,  which  dilTefs  very  Utile 
from  tlie  mean  refult  of  the  dilatation  of  atmol'pheric  air. 

"  My  receiver  contained  about  350  gnmain  of  water  (a  little 
aiore  than  12  ounces] 

t  Though  the  difference  between  thefe  refults  are  not  vciy  con- 
fdcrable,  I  think  I  might  have  rendered  them  lefi  fo,  if!  could 
have  kept  an  accouut  of  the  ftate  of  the  barometer  at  the  moment  of 
the  ebullition  of  the  wnler.  I  have,  however,  always  had  the  pre- 
caution to  be  alTuitd  of  in  thermometridal  ftale  at  the  moment  of 
ebullition,  in  which  I  can  aflitt  that  I  ne«f  found  any  very  ftnfli 
ble  variations.  A  variBtirn  of  an  inch  of  the  baioir.eier  would  in 
fafl  be  ne^eiTary  (o  occaiion  one,  of  a  degree,  in  the  place  of  the 
biitisft  paint  1  whicbcan  IcUiom  happen.  Uowevei  ibii  m^  be, 
ttuh  BKoa  reliilt  137,30  inun  be  vcij  ncu  the  tiuth.  .      . 
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Oxigen  gas  obtained  from  oxigenated  muriate  of  potafli  was 
dilated  three  times,  and  gave  the  following  refults. 


100  parts  became 


r  137,47 
<  137,54 
t      137,45 


The  mean  refult  of  which  is        •        -        -     137,48 
A2ote  gai%btained  from  the  decompofition  of  ammonia  by 
•xigenatcd  muriatic  acid  gave  the  following  mean  refults. 

200  parts  became        ...  *      157^50 

46 
^5 

The  mean  refult  is        -         -         -       ,-         137,49 
By  connefling  the  preceding  refults,  and  by  comparing  the  Tabalsted  ic-  ' 
dilatation  of  oxigen,  hidrogen,  and  azote  gafcs  with  that  0^g^,^fcfJ^/ 
•tmofpheric air,  v/e  obtain  the  following  table:  fame  cxpaofits 


'  From   the  temperature  of 
melting  ice  to  that  of  boil- 
ing water,  100  parts  of 

Increafe  their 
volume  to 

Differences 

Atmofpheric  air 

Hidrogcngas 

Oxigen  gas 

Azote  gas      -         -         - 

Parts 

37,50 

37,52 

37,48 

37,49 

+  0,02 
-  0,02 
^  0,01 

The  trifling  differences  obferved  In  the  preceding  refults 
may  proceed  from  the  impoffibility  of  rendering  the  ciretlm- 
fiances  rigoroufly  the  fame  in  each  experiment ;  and  as  they 
extend  to  only  two  ten  thoufandth  parts  of  the  original  volume, 
it  may  be  concluded  with  fafety,  that  the  dilatation  of  atmbf- 
pheric  air,  oxigen,  hidrogen,  and  azote  gafes  are  the  famb 
from  the  temperature  of  melting  ice  to  that  of  boiling  water. 

In  order  to  determine  the  dilatation  of  gafes  foluble  in  ^ina-  Appantui  for 
ter  I  changed  the  apparatus,  I  ufed  two  tubes  graduated  at  B**"  ^luhte  b» 
the  fame  time  on  the  fame  bath  of  mercury  with  a  very  fmall  vcrecooMnS 


meafure.     Every  time  I  ufed  this  apparatus,  I  took  the  pre-  ^f  cspofait  ss 
caution  that  the  quantity  of  mercury  fhould  be  the  ftme  ^cury  iaTtUE- 
when  the  tubes  were  graduated.     I  muf!  even  obferve,  Aat  if  while  tttm^km 
any  accident  happens  to  the  vefFel  containing  the  mercury,  the  f*i^I!!llL 
tiibes  muft  be  again  graduated  on  another  bath.     It  would 


even 
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even  be  proper  to  cut  them  out  of  liie  fame  tube  of  glafi 

to  make  Uiem  of  equul  lieights.  To  as  to  render  all  ihe 

ilanccs  as  fimilaf  as  puiijbli;. 

!  tutxi  with       Inio  one  of  tl^cle  lul)(.-s  I  piit  almorpheric  air  to  the  lOOlh 

LTwcrt"'*    •J'^'fi'^"'  'o''  example,  and  in  the  oilier  (lie  gas  on  which  the 

led  in  a         experiment  wis  lo  be  niadc  likewifc  up  lo  Ihe  100th  tlivifion. 

'■  100  equal  meafures  of  thefe  gales  were  tliui  fotmitlcd  to  en- 

perimeiit.     I  then  carried  the  apparatus  into  a  Itove,  the  lemr 

pcratBfc  of  which  I  regulated  at  plcafurc,  and  I  obferved  tlic 

courfe  of  tlie  dilalalion   of  the  gaf^s.      Whatever   attention  I 

paid  to  the  obfervalion  I  nercr  toukl  perceive  any  dilTerence, 

and  I  always  remarked  that  lite  lame  diviljons  were  pafTed 

through  in  the  fame  time. 

!  gafei  were        The  gafes  thus  examined  here  never  dircflly  received  in  the 

j'bef*°'^th     '"''"*•  '""  "'^y  previoufly  remained  fome  lime  in  an  inlerme- 

Btiied.         diate  velTel  into  which  [  introduced  fume  dcficcBiive  body, 

muriate  of  lime  for  example,  ond  I  then  palTed  Ihem  into  the 

tubes,  compreffiiig   Lhcm  with  mercury,  which  I  poured  by 

meani  of  a  tube  oj  fafely  adapted  to  the  intermediate  veflel. 

If  Ihefe  ;Ten(?[al  precautions  be  nc^tcftcd  (he  dilatation  will 

almoll  always  be  too  great ;  becaul'e  tlic  influence  of  undiC- 

folved  water  will  not  be  guarded  againll,  or  of  fome  othei 

body  capable  of  eaQly  taking  the  gafeous  form. 

ionic  icid  Oiic  hundred'  meafures  of  carbonic  acid  ga?  obtained  from 

i  marble  by  means  of  fuipWuric  sfid,  were  compared  with  the 

like  portion  of  almofphcHc  air.     From  the  5th  to  the  90th 

degree  {Reaumur)  the  expaiifions  were  the  fame. 

miinaiU  One  hun(lii:d   meafures   of  murialic  acid  gai  obtained  by 

^">  means  of  concentrated   fulphuric   acid   Irom   muriate  wf  foda 

(very  dry)  being  compared  with  100  meafures  of  almufpheric 

air  from  the  3<I  to  th^  outh  degree,  the  e>;panrions  of  tlie  gafes 

were  found  to  be  abfolutdy  the   fame.     This  cxperimcnl,  ai 

well  »s  the  preceding,  were  repeated  leveral  times,  and  the 

I  fame  refulls  were  alwaytabluined. 

tfalptiDRBDi      Sulphureous  acid  gas  and  nitrous  gas  undergo  the  fame  di> 

'"*"■'"""  .^"lalalioii  by  the  aQion  of  heat  ai  almolphuric  air. 

■be  fone  II  at-       Doctor  I'riefliey,  and  Citizens  Guytonand  Duvcrnois,  found 

wiofphiric "ir.     t|,a(  ammoniacal  gas  liilalctl  very  eoulidcrably.     With  a  view 

tii»'  and 'ouarr-  '"  difcover   Ihe  caufe  Ihit  could  have  induced  ihem  to  diaw 

•oU  (bund  uD'  this  conclulion  from  their  experiments,  1  inliuduccd  (without 

cipiadnwie       preparation)   into  one  of  my  tubes  ammoniacal  gas,  obtained 

trom. 


DILATATION  OF  TRB  OABKt.  36S 

from  thedecompofition  of  muriate  of  ammoniai  by. common tfain  cdmmo*  * 

lime,  and  in  the  other  tube  an  equal  volume  of  atmofpheric*^''* 

air.    The  ammoniacal  gas  dilated  progrefiively  more  tlian  thebecaofewMer    • 

atmorphericair  in  proportion  to  the  elevation  of  temperature  yammoaiaalftit 

fo  much  fo  that  its  volume  was  (bon  douUe  that  <^  the  atmof-were  prcleat. 

pheric  air«  but  on  obferving  the  furface  of  the  mercury,  and 

the  fides  of  Ihe  tube,  afler  tlie  temperature  was  lowered,  I 

jremarked  fome  traces  of  a  liquid  and  feme  cryiialline  fpecks, 

whidi  could  be  nothing  but  muriate  or  carbonate  of  ammonia, 

and  it  all  diiappeared  when  the  temperature  was  fufikriently 

elevated.    I  performed  this  experiment  again  by  fufiering  the 

ammoniacal  gas  to  remain  fome  time  in  an  intermediate  veflel 

containing  cauflic  potafb,  and  then  its  dilatations  from  0  to  95^ 

esaSly  followed  that  of  the  atmofpheric  air.     In  thb  experi*  '  •  "' 

ment  I  obferved  the  fur&ce  of  the  mercury  and  the  fides  of 

the  tubes  when  the  temperature  had  returned  to  0,  but  I  could 

not  perceive  any  indication  of  liquid,  or  any  cryflalline  fpeck. 

This  experiment  was  repeated  feveral  times,  and  always  with 

the  iame  event. 

Hence  it  may  be  feen  that  not  only  a  liquid,  but  another  Witerii  not 
body  capable  of  taking  tlie  gafeous  flate,  may  render  the  ex-***^**^^ 
periment  liable  to  error.     Thefe  caufes  ought  therefore  to  bcenor. 
avoided  with  the  mofl  fcrupulous  attention. 

The  experiments  which  I  have  jufi  related,  and  were  all  Hence  the  diflS!< 
made  witli  great  care,  inconteftibly  prove  that  atmofpheric  air,  JS"  gafwdonoc 
oxigen,  hidrogen,  azote,  nitrous,  ammoniacal,  muriatic  acid,  afFed  their  ex- 
fulphureous  acid,  and  carbonic  acid  gafes  expand  equally  by  P**^^"*  ^^  ^^^ 
the  fame  degrees  of  heat ;  and  that,  confequently,  their  greater 
or  lefs  denfity  under  the  fame  preffure,  and  at  the  lame  tem« 
perature,  their  more  or  lefs  confiderable  folubility  in  water, 
and  their  particular  nature,  in  no  rofpedl  influence  their  dila- 
tation, 

I  tlierefore  conclude  that  gafes  in  general,  provided  they  be 
all  placed  in  the  fame  circumflances,  dilate  equally  with  equal 
degrees  of  heat. 

Thefe  experiments  on  the  dilatation  of  gafes  naturally  led  Vapors. 
me  to  examine  that  of  vapors ;  but  fufpedUng  from  the  preced- 
ing refults  that  they  dilated  like  the  gafes,  I  determined  to 
make  experiments  on  one  vapor  only,  and  I  chofe  in  prefer* 
cnce  that  of  fulphuric  ether,  as  being  the  moil  eafy  to  manage, 
— '  In 
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The  nfot  ef  In  ordw  [o  dctemiine  the  expanfian  of  the  vapor  of  edter 
Inibc  tobt  ■  in  '  wiplojed  the  Ivvo  tubes  I  have  almdy  menlionod,  atoicf- 
ooftfifw  Willi  plieric  air  being  always  the  llandardof  ctmipariron.  This  -ap- 
*""'"'  "'  i>arams  having  been  krpt  Torae  time  in  a  (tovc  whofe  ttmpc- 
ralure  was  about  60**,  i  inlrodaced  «lhneal  vapor  into  one  t^ 
the  tub«,  and  into  ilic  other  almofpheric  air,  lo  that  they 
eucb  rorrefpondcd  to  the  fame  divilioti.  I  th«n  elevated  tlie 
f  nti^ptniti  lemperature  of  the  (love  Irora  60°  to  100*,  and  I  had  the  fa- 
lisfaflion  lu  find,  that  whether  [he  temperature  wan  raiM  or 
lowered,  the  ether  and  ihc  atmofpheric  air  alwSy;  cam- 
fpended  at  the  faine  lime  to  ihc  fame  divisions.  Thii  nqieri- 
nieiit,  M  which  Citizen  BcrlhoUct  wa«  prcfcnt,  \Va»  repeated 
feveral  times,  and  1  never  could  oblervc  any  ditfcrcnce  in  tlie 
>  dilatation  eompared  with  that  of  aimofpheticair.  I  rem  irked, 
'  however,  that  at  forae  degrees  above  the  point  of  the  ebnllii- 
i  tion  of  ether,  its  condenrations  were  a  little  more  rapidi  thu* 
thofe  of  atmofpheric  air.  This  is  owing  to  a  phenomenon 
which  a  preat  number  of  bodJe?  prefeiit  ia  patBng  from  the 
liquid  to  the  folid  Aate,  but  which  docs  not  prefetit  itfelf  a 
few  degrees  above  that  of  this  period. 
'"       Thi'  ctperimenl,  by  proviniF  thai  the  vapor  of  ether  and 

nHhtiefon'ba   ,  ^       '.,  ,/     „  ,  ,  - 

^  Ilie  gale^  dimte  equally,  (hews  us  that  this  properly  in  no  re- 

(peB  depends  on  the  peculiar  nature  of  gafos  and  vapors,  bat 

only  on  their  elaflic  ftaie,  iind  we  muft  confetjucntly  conclude 

tlial  all  gales  and  vapors  ddute  e<[ually  at  the  Jitme  degrees  of 

heat. 

tht  npniwill       Since  all  the  gafcs  are  equally  dtlatab'c  by  heat  and  equally 

^'J"*™"*     comprtlTible,    (gas  condeaf^ic)   and  ai  ihcl'e  two  proper  ties 

a^i  pnint  of     depend  on  one  anothcTi  as  I  lliaii  prove  clfewhere,  vapors 

Jenft  Bu'iiiy  oi' being  equallv  dilatable  w-ilh  the  gales,  ought  alfalobeequalljr 

tjotfjcliM.       gompfejfibie.  bat  I   muft  obfcrve   thai   this  hitter  conclufion 

cannot  be  true,  unlefs  vi'hile  the  comprelfed  vapors  pcrfccUy 

retain  the  elaftic  lUte  ;  which  requires  that  their  temperature 

be  fufficienlly  elevated  to  enable  tiiem  to  refift.  the  preflure 

which  tends  to  make  them  affuuic  llie  liquid  flate. 

Tbit  dry  ind  J  ^svc  alFerted  on  the  authority  of  Sauffiire,  and  my  own 

^-i^_Q^^  f     experiments  confirm  it,  that  I'cry  dry  air,  and  air  holding 

more  or  lefs  of  water  in  folulion  arc  equallv  dilatable ;  con> 

fequently  1  am  authorized  frcin  the  whole  of  Ihc  fdcls  to  draw 

the  following  concliilioni. 

_  Ift.  All 
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Xftf  All  the  gafes,  whatever  may  be  their  denfity  or  the  Conclafiom. 
quintity  of  water  they  hold  in  folution,  and  all  vapors,  equally  ^^'^^^  , 
dilate  by  the  fame  degrees  of  heat. 

2d,  The  augmentation  of  volume  which  each  of  the  perma-  Augmeotitioa 
sent  gafes  receives,  from  the  temperature  of  melting  ice  to^^**"** 
that  of  boiling  water,  is  equal  to  tttTtt  ^^  ^^  pHmitive  rto- 
lame,  if  judged  by  the  thermometer  divided  into  80  parts,  and 
•tJ^Jy  of  the  iame  volume,  if  by  the  centigrade  therm6- 
nieier* 

It  remains,  in  order  to  complete  this  oourfe  of  experiments.  Future  expen* 
to  determine  the  law  of  the  diiaUtion  of  gafes  and  vapors,  in  l^^^^^y]^^ 
^der  to  afcertain  the  coefficient  of  dilatation  for  any  degree  at  at  odier  tgnif^ 
a  known  heat,  and  to  be  afliired  of  the  real  progrefs  of  tiie  nt«»cs« 
thermometer.     I  (hall  employ  myfelf  on  thefe  new  refearcfaes ; 
and  when  they  are  terotiinated^  I  (hall  have  the  honour  of 
communicating  them  to  the  Inftitute. 


VII. 

Man  Theory  of  the  Conftitutim  of  mixed  Gaflie  etuddtOed.    In  « 

Letter  frmn  Mr,  J.  Daiton. 

To  Mr.  NICHOLSON. 
SIR,  Mioichefier,  Nov.  \%,  \^QI2. 

In  a  paper  of  mine  which  you  had  the  goodnefs  to  publifii  in  Kew  theory  of 
your  Journal  for  1801  (Quarto  Scries,  V.  241),  I  announced  the  cooftitutlo« 
m  new  theory  of  the  conflitu^on  of  the  atmofphere.    This  has  fphere, 
fincebeen  publifhed  on  a  more  enlarged  fcale,  and  elucidated 
by  a  plate,  &c.  in  the  Memoirs  of  the  l^itemry  and  Phiiofo- 
phical  Society  of  Mancheftcr,  Vol.  V.  Part  2.    Notwithftand- 
ing  this,  I  am  informed  by  fome  of  my  chemical  friends,  that 
they  do  not  clearly  underfiand  the  hypothefis  itfelf^  and  confe-  not  ckarly  va* 
quently  are  not  able  to  judge  of  its  merits  or  defeats:  And  a ^**^^ 
late  writer  (Dr.  Thomfon),  in  his  Syftem  of  Chemiftry,  Vol. 
III.  page  270,  fpeaking  of  the  uniform  difilrfron  of  the  differ- 
ent gafes  oi  the  atmofphere,  makes  the  following  obfervation : 
^  Even  Mr.  Dalton's  ingenious  fuppofition,  that  they  neither 
**  attraft  nor  repel  each  other,  would  not  account  for  tliis  equal 
^  difiribution ;   for,  undoubtedly,  on  that  fuppofition,  they 

"  would 


ficfra- 


"  would  arrange  (homri-lfei  according  lo  tlieir 'fpeciiic  fra- 
a  apiaii- "  vity."  Now  a'.  1  am  pLrfuadiid  ihal  no  «iie  acquainted  with 
the  principles  of  nn.-t:liaiiiial  philufophy  wi.uld  have  wriltmi 
llie  above  if" lie  had  uiiderllood  my  lij'polhffis,  il  fwiins  (o  cal! 
*'fl^"  ^f""""^  » '"I'll"-'' e-'*P'''»al'0"-  I  propofe,  Iheretbre,  iA  T# 
fiate  in  as  clear  a  poiuL  of  view  as  Ihc  lubji'cl  will  admit,  Lhe 
principles  whicli  I  alTumc:  'M  Toflicw  iliikiiheu)nrequBnc» 
which  1  liave  deduced  from  tticm  are  legitiinalv,  and  particu.- 
larly  lliat  mixed  elaflic  fluids  ouglit  nnt  to  arrange  ihemfeives 
according  Lu their  fpecilic  gravity:  and,  3<l,  To  dutnunllratc 
that  the  luppufitioii  of  the  gafus  (.-onllituLing  the  almofphcrc 
being  held  in  a  Dale  of  equal  dilTuflou  by  chemical  afltnity,  h 
not  only  incuiiliftent  willi  (he  piienomena,  but  ii  couiplclcly 
abibrd. 

I.  PRINCIPLES  ASSUMED, 
iffci  lit-  1.  I  lake  for  granted  that  the  particles  of  limple  (unmixed) 

^^^  l^l^^ehdHc  fluidfi  repel  one  another  with  force;  inverfely  as  iht 
aTfiraplf  eiilllc  di/iance  of  their  centres  the  lemperalure  being  given.  This 
fli>ki<  Kpci  in-    i5  a  nialhemalical  dcduaion  from  the  allowed  faft,  that  the 

•nfclj  jt  then    ,.  -     ,    ,  -       .  r  i  .  n- 

Ctauc.  ipBce  occupied   by  any  gas  is  mverfL-ly   as   the  cuupreffing 

force:  (See  Newton's  Priiicipia,  B.  II.  Prop.  23).  The  afr/b- 
lute  diAances  of  the  centres  of  fuch  particles  mutt  vary  accord- 
ing to  circumltanges,  and  cannot  eafily  be  deteriuined ;  their 
relative  diflanccs  in  a  liquid  and  aeriul  Hate  foinetiitien  may- 
Mr.  Walt  has  flicwn,  ihat  llCam  of 'illi'  and  preirore  28  in- 
ches, is  ISOO  limes  lighter  than  wtitcr ;  confequently  the  dit 
lances  of  the  particles  of  ftcain  are  to  the  diftances  of  the  (iu4 
particles  in  a  liquid  (laic,  as  12  to  I  nearly,  in  ihat  particular 
cafe.  Vapor  in  llie  t'acLiuni  ot  an  air-pump,  at  common  tem- 
perature, will  have  its  panicles  about  i  times  the  diflance,  or 
49  to  I. 

2.  1  fuppofc  dial  in  mixed  eladic  Huids  the  hclei ogeneout 
kfctraiemo'i  'psfti'^'cs  do  not  repel  one  another  at  all  at  fuch  diftances  a« 
/iniciEcharc  no  they  repel  thole  of  their  own  kind;  but  that  fnch  particles, 
fi""'"!,!?,!"-  "*"■■"  ^f^iR'''  '"to  aflual  coiitac)  (to  ufe  the  common  laiii 
liotonly  tli.t  i>'f  guage),  refill  each  othcT  in  all  refpefls  like  iiielafiic  bodie*. 
cant»a,  fcrmerirxhtsisthe  peculiaritv  ot"  llie  hypotheCs,  and  what  appears  not 

e.1lol(h«rrfT(.  1^  J      /I      J        ,/,  .   ■     L  1  ,L 

nnc«  tl  impene-to  DC  generally  underftood.  If  I  may  explain  by  analogy,  tb« 
tiiUiiiy.  moll  llrikiug  will  be  found  in  maj^nctifm.     Two  hke  pa1e«  of 

the  vif"i-"iTfX  "i^B"*^^*  "^P^'  ""^  another  with  the  fame  ibrce  whether  any 
•f  OJadiic'-ii-n- 
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Either  bodies  intervene  or  not^  and  do  not  affed  thofe  other 

bodies;  in  Uie  fame  way  I  conceive  two  particles  of  any  one 

gas  repel  one  another  with  the  fame  force  whether  particles  of 

other  gafes  intervene  or  not,  and  do  not  afied  thofe  othar  par-  '- 

ticles.     A  magnet  is  amenable  to  the  common  laws  of  motion 

In  its  coUifion  with  olhec  bodies,  and  when  it  is  brought  into 

feeming  conta£i  with  them ;  fo  is  a  particle  of  one  gas  when 

it  is  brought  into  feeming  contadl  with  a  particle  of  another 

ipedes :  and  in  this  cafe  the  bodies  may  be  faid  to  have  a  re» 

fnilfive  power;  but  this  power  is  elTentially  difierent  firom  tfao 

others,  in  that  it  extends  to  no  definite  diAancc.  Further,  cott<» 

ceive  a  very  fine  capillary  tube  placed  perpendicular  to  the 

h&rizon,  into  which  let  a  number  of  correfpondent  fmall  nag- 

iietic  wires,  or  particles,  be  inferted  with  their  poles  of  the 

fame  denomination  together,  or  more  ilridly,  as  near  as  their 

lepulfive  power  would  admit,  one  particle  above  another,  the 

air  having  intercourfe  amongft  them.    Then,  as  the  magnetic 

particles  would  not  adtually  touch  one  another,  by  reafon  'of 

their  repulfion,  they  vfoMfetm  to  be  fupported  by  the  inter« 

vening  air,  whereas  in  reality  they  are  fupported  and  kept  at  r 

certain  didances  intirely  by  tlie  repulfion  inherent  in  them- 

felves,  and  their  own  gravitation :  and  thus  I  conceive  par-Partidet  of  f» 

tides  of  gas  fupport  thofe  of  their  own  kind  above  them,^"PP®^'***^^ 

though,  were  they  vifible,  they  might  feemto  reft  upon  othersfion,  in  the  fame 

immediately  under  them ;  and  the  ground,  or  lowed  folid  or'f*°°**'>.^"^** 

liquid  furface,  by  fupporting  the  lowed  particle  of  each  kind,  mother  gat  be  * 

has  the  weight  of  the  whole  to  fudain.    Thefe  obfervations,  p«foit  or  not. 

togetlier  with  a  view  of  the  plate  above  alluded  to,  mud,  I 

think,  be  fufllicient  to  fatisfy  any  one  what  the  hypothefis  is. 

And  it  may  be  proper  to  add,  there  is  fometliing  much  refem- 

bling  polarity  obfervable  in  the  ultimate  particles  of  bodies  at 

the  indant  of  tranfition  from  the  liquid  to  the  folid  date;  wit- 

nefs  the  congelation  of  water. 

2.  CONSEQUENCES. 

It  is  plain  from  the  above  account,  that  I  conceive  any  one  If  a  gas  be  one 

gas  to  be  conditutcd  of  perhaps  one  part  folid  matter,  and  owP*^  "^J"'*"  "** 
1      >»    J  -r  •  t      /•        ..        *  thoufaod  mete 

thoufand  or  more  parts  vacuity  or  pore,  if  it  may  be  fo  called  ;fpace,  no  differ- 

and  that  into  this  vacuity  we  may  throw  as  many  other  galies^'i^*^'*^*^ 
as  we  pleafe,  without  materially  didurbing  the  fird,  provided  other  gafei  m*** 
we  do  not  abfolulely  fill  the  vacuity,  with  folid  matter,  meaning^****'  vacuity, 

by 
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by  that  nprdlion  couunon  liquitls  or  folidj.     Thus  we  might 

have  had  a  dozen  gales  in   our  atmofpliere  inllead  of  three  or 

four,  all  •  the  fame  conipafs,  and  each  retaining  the  fame 

And  one  g»i       denfily  it  would  have  had  alone.     The  heavier  gas  hai  no 

«dief"wbjtcT«  "'"^^  tendency  to  raife  ilie  lighter,  Uian  a  quantity  of  fliot  has 

«uy  be  iheit  in-  to  cxpel  tho  air  from  its  jnlcrftices.  If  therefore  Dr.  Thornfon, 

imridi?"'^'  or  any  other,  can  fhew  how  one  fluid,  wliich  is  not  difplaced 
nor  any  way  acted  on  by  another,  Ihould  by  il&  reaSion  caufe 
that  other  to  move  into  a  higher  or  lower  tUtion ;  then  the 
matheinalical  world  will  be  obliged  to  reconlider  their  do^ine 
uf  fialicj.  Till  then  1  muD  take  the  negative  of  the  propoli< 
tJon,  and  conclude,  that  clailic  fluids  of  the  grcatell  and  leall 
fpccifk'  gravity  imaginable,  on  the  fuppofition  I  hold,  will  alik* 
take  the  lowell  and  the  highed  ftations,  rcgardlefs  of  each 
other;  or  in  other  words,  they  wil!  arrange  themfelve*  in  the 
feme  order  as  if  thrown  into  a  complete  vacuum.  The  great 
difficulty  refpefting  Ihe  uniform  difliifion  of  the  gafcs  being 
removed,  I  thijik  on  my  hypothefis  the  other  phenomena  can 
require  no  explanation  to  sny  peilbn  convcrfant  in  pnetimalici, 
wtdthcchfmiul  I  will  take  one  inllance:  U  may  by  aikcd.  How  does  fulphunct 
£o'°k ''«*["''***"  P"*""'  ''^""^  oni-eiioin  gas  out  of  any  mixlurej  lime 
b•Ib<Jutle>•ifwa'e^  carbonic  acid  gas,  &c.  &ft.  ?  The  aufwer  Is  obvioo*  j 
ll  were  iIbdc,  Exaflly  in  the  fame  way  as  if  the  gas  in  queftJon  was  the  only 
one  in  the  velFel,  and  the  operation  going  on  in  a  clofe  veOel. 

3.I(iic<mtf«T      3.  GASES  HELD  TOGETHER  BY  CHEMICAL 
"''i*,?^!!^*  AFFINITY.  ABSURD. 

■re  licid  tojclber  ' 

hr  chem.  iS- 

^t]-.  On  Ihi*  head  it  will  be  properto  premife  certain  fd^: 

for  th«<r  mi<  1 .  When   two  gafcs   of  different  fpecihc   gravity,   fuch  as 

Bniformly,  iniJ   ovigenous  and  hidrogenom,  are  put  into  Ihe  fame  vejTel  and 
agitated ;  if  ihey  be  fuU'ered  to  fland  fome  time  after,  tliey 
^ill  continue  uniformly  niiKed. 
ly  the      2.  They  occupy  the  fame  fpace  before  and  after  mixture  ; 
■■  ^W  '''"'  '*'  ""^  "'^'^^'^^  "^  '^'^^  P"'  togctlier  occupy  two  meafurea, 

'^  the  temperature  and  prelTurc  remaining  the  fame.     Mr.  Davy 

feems  to  lliink  this  principle  is  not  ilriflly  true  in  regard  to  a 
mixture  uf  azotic  and  oxigenuus  gas;  but  the  deviation  from 
it,  if  any,  is  extremely  fmali. 
■nlthtj**?™^'      ^-  ^''^  compound  is  fubje^  to  the  fame  lawsof  rarcfa^ion 
*f.  u  Wore,     jnil  condcnfiition  as  the  Croples. 

There 
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There  are  but  three  fupporQtion^  we  can  make  eflentially  Wheie  gafet 
different  refpefling  the  mutual  %6tion  of  heterogeneous  par-  J^j^  muftd^ 
tides  of  gas:  \Ji,  When  two  gafes  are  mixed  their  particles ther,  (i.)  icpd, 
ipaj  reciprocally  nyel one  another,  juft  as  they  ad  oo  their  own^t**)  "**  ■• 
l(JQd  in  an. unmixed  flate :  2d,  They  may  be  neutnd,  or  havcattnial    ' 
neither  attradion  nor  rcpulfion  for  each  other:  Sd,  They  may 
have  a  chemical  affinity  or  atiraOion  for  each  other.     The  ad-  The  gafes  49  aoC 
vocates  for  the  chemical  adhefion  of  gafes  will  agree  with  me  ^^^^  li'Sew 
in  explodixlg  the  firfl,  becaufe  where  nothing  but  r^pv(/ion  is  have  no  aaiM 
manifefl,  we  can  afcribe  no  effed  to  attraction :  The  ^®cond,J~  "**'■*•* 
vbicb  is  the  one  I  adopt,  is  obvioufly  inconfiiient  with  their  aa4, 
hypotbefis ;  and  as  for  the  third,  I  can  conceive  no  other  ex- 
phuiation  than  the  following :  \ft.  Two  or  more  heterogeneous  >f  the  partScfct 
piMticles  may  unite  and  become  a  new  centre  for  the  caloric  ^  1,^^^,^^^ 
to  adhere  to;  but  in  this  cafe  the  gafus  are  no  longer  txx^  but  fat,  and  sot  mw^ 
one;  and  oxigenous  and  hidrogenous  would  become  aqueous  JJ^JJ*^'**"^""** 
^capor :    This  dierefore  is  not  a  cafe  of  two  go/^  being  held 
together  by  chemical  affinity.     2d,  The  two  ga&s  may  fepn-  Or  if  they  at- 
rately  retain  their  caloric  and  ftill  be  held  by  chemical  affinity ;  u^^^^^i^i 
that  is,  there  may  be  an  equilibrium  between  the  powers  of  come  nettcr  i»- 
^ttra&ion  and  repulfion ;  but  this  is  evidently  inconfident  with  **^»5?J?'J 
t))e  third  law  of  condenfation  and  rarefadlion  obfer\'ed  in  fuchor  faaabow 
compounds.  ibtfd. 

I  am,  &c. 

J.  DALTON. 


I  thank  you  for  the  notice  you  have  taken  of  my  Eflays,  and 
particularly  for  the  note  fubjoined  to  that  on  die  Expan^on  of 
Gafes.  I  have  lately  read  a  Paper  to  the  Literary  and  Pbilofo- 
phicai  Society  of  this  place,  in  which  I  have  (hewn  that  the 
quantity  of  carbonic  acid  gas  found  in  a  given  volume  of  at- 
mofpheric  air,  is  not  more  than  rsVv  P^^^  ^^  ^^  whole ;  and 
that  the  faid  gas  is  held  in  water,  not  by  chemical  affinity,  but 
merely  by  the  prcffiire  of  the  gas  abflradtedly  coniidcrod  oa 
the  furfacc,  forcing  it  into  the  pores  of  the  water. 
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A  Method  <^  increajiitg  lite  Suantiti/  nf  Liglit  agvrded  by  Ca>l4b^ 
atui  lo  obviate  the  Kecejlly  "f  fluffing  them,     la  a  iMttrfron 


To  Mr.  NICHOLSON. 


MR, 


caodki  for  illu- 


|F«bk  light  cf  W  HEN  our  apartments  are  iliuminated  with  < 
ftequently  fnui-'-'^"'"^'*  *'"'i''^''  cannot  be  regularly  attended  with  the  fnuQcrs, 
they  produce  much  fmokc,  and  their  glimmering  light  reared/ 
ferves  the  moH  ordinary  purpofes.  My  Hrll  attempts  to  im. 
prove  ihX'ifiniibre  mode  of  illumination  were  made  many  years 
ago.  Thofe  however  were  not  produ^ive  of  any  ufeful  dif■^ 
covery,  biit  fome  experiments  which  I  ciaJcin  the  year  1797 
afTurded  rcftilts  that  rather  exceeded  my  expectation. 

Experience  loon  convinced  me  of  tiie  utility  of  Ihe  method 
which  1  had  difcnvered,  of  ufing  candles  in  fuch  fituation?  as 
iput.  above  defcrlbed,  but  in  every  attempt  lo  produce  the  fame 
effefl  upon  my  table,  I  was  unliiccefsful,  till  the  beginning  of 
the  prefenl  feafon.  Tliis  was  owing  to  an  overfight,  which 
might  be  deemed  very  unaccountable,  did  not  the  hidory  of 
inventions  contain  many  inllances  of  the  fame  l;ind. 

Great  etfects  are  frequently  produced  by  caufes  thai  are 

in  general  deemed  (rifles ,    And,  if  a  trifling  alteration  be  made 

in  the  melliod  of  uCng  common  tallow  candles,  lliey  will  be- 

excellent  fubflilules  for  thofe  of  wax. 

If  >  tanillebe         A  common  candle,  weighing  -^  of  a  pound,  containing  14 

iadmcil  it  gi.e.  fl^gie  i|,rcai!s  of  fine  cotton,   placed  fo  as  to  form  an  angle  of 

and  requires  no  30  degrees  "  with  the  perpendicular,  and  lighted,  requires  no 

toufiiaci  fnuffing;  and  «ha(  is  much  more  valuable  for  fome  purpofes, 

it  gives  a  light  that  is  nearly  uniform  in  flrength  without  the 

leaft  iinoke.     Thefc  effefls  are  thus  produced  : 

Wlieii  a  candle  burns  in  an  inclined  pofition,  moft  part  of 
the  flame  rifes  perpendicularly  from  llie  upper  fide  of  the 


*  Candlclticks  may  be  made  to  hold  ihc  canilie  at  this  angle,  or 
they  may  be  fg  contrived  as  to  hold  the  candle  at  any  angle  at  pica- 
Am.     I  have  candleliickt  conftrufled  on  both  principle!. 

*;'.;.  ■  wick, 
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wloky  and  when  viewed  in  a  certain  dire6tion^  It  appears  in 
the  ibrin  of  an  obtufe  angled  triangle.  And  as  the  end  of  the 
wick  projeds  beyond  the  flame  at  the  obtufe  angle,  it  meets' 
With  the  atr,  and  is  completely  burnt  to  alhes;  hence  it  it 
rendered  incapable  of  acting  as  a  condufior  to  carry  off  any 
part  4>f  the  combaftible  matter  in  the  form  of  fmoke.  By  this 
ipontaneous  mode  of  fnuffing,  that  part  of  the  wick  which  is 
a&ed  apon  by  the  flame,  continues  of  the  fame  length,  and  the 
iaiAe  itfelf  very  nearly  of  the  fame  flrength  and  magnitude  *• 

llie  advantages  which  may  be  derived  from  candles  that  The  light  does 
require  no  fnuffing  and  afibrd  no  fmoke,  may  be  readily  un-  ^^  '"***"•'*• 
deHlood;   but  thefe   candles  have  another  property  which 
ought  not  to  be  palTed  over  in  filence.     A  candle  fnuSed  by 
an  inffaiiment  gives  a  very  fluduating  light,  which,  in  viewing 
near  objects,  is  highly  injurious  to  the  eye ;  aiid  this  is  an  in-  . 
convenience  which  no  (hade  can  remove.     But  when  a  candle 
is'  fnafTed  fpontaneoufly,  it  gives  a  light  fo  perfectly  fbady  and 
fo  uniformly  bright,  that  the  adjuflments  of  the  eye  remahl  At 
refl,  and  diflind  vifion  is  performed  without  pain,  and  without 
uneafinefs. 
'  Candles  on  which  I  have  made  experiments,  are  defcribedCiiidief  iR^h 

in  the  following  STi'ttl 

TABLE. 


No. 

No.  of  can- 
dles to  the 
pound  avoir- 
dupois 
weight. 

Length  in 
inches. 

No.  of  (ingle 
threads  of 
fine  CQtton  in 
the  wick. 

1 
2 
3 

4 

5 

Mould 

14 

12 

10 

8 

6 

6 

S.5 

9. 

9.75 
10. 
10.25 
13. 

10 
12 
14 
20 
24 

Numbers  1,  2,  and  3.     Thefe  candles,  when  lighted  and 
placed  to  form  an  angle  o(S0^  with  the  perpendicular,  require 

*  The  wick's  not  bang  uniformly  twifted  throughout,  may  occa- 
fiOA  a  little  variation  in  the  dimeDfions  of  the  flame. 
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no  fnoffing :  they  give  lights  which  are  nearly  equal,  and  com* 
buftion  proceeds  fo  regularly,  that  no  part  of  the  melted  taUow 
efcapes  unconfuroed,  except  from  accidental  caufes. 
Remarkf  on  the  No.  4,  placed  at  tlie  Angle  mentioned  above,  and  lighted^ 
fnenmiifna.  requires  no  fnuffing :  it  gives  a  light  very  little  flronger  than 
No.  1,  but  its  colour  is  not  quite  fo  white,  nor  its  flame  fo 
fieady. 

No.  5.  This  candle^  placed  at  an  angle  of  30^,  and  lighted^ 
requires  no  fnuffing ;  its  flame  is  rattier  flu^uating,  tad  not  f» 
white  as  No.  4,  nor  is  its  (Irength  of  light  much  greater  than 
No.^.  The  melted  tallow  fometimes  overflows  when  the  air 
in  the  room  is  put  in  motion ;  yet  the  light  of  this  candle  is 
much  improved  by  the  candle's  being  placed  in  an  inclined 
pOiition. 

The  mould  candle,  treated  in  the  fame  manner  as  thofe 
above,  aflfords  a  very  pure  fteady  flame,  without  fmoke  and 
without  fnnffing,  and  its  flrength  of  light  is  about  equal  to  that 
of  No.  I. 

ON  ECONOMY. 

Ttie  flcofiony  of  My  experiments  have  not  been  fufficiently  numerous  to  de- 
^ttdkiMCo  termine  with  preciiion  which  of  thefe  candles  aflfords  the  mod 
foinption  of  die  ''g^^  *^  *  given  expence,  but  the  few  experiments  which  I 
fast  have  made  feem  to  indicate,  that  the  quantity  of  light  b  di- 

rectly as  the  quantity  of  combuflible  matter  expended. 

EZ.  WALKER. 

Lj/nn,  Nov.  19,  1802. 


REMAkKS.— W.  N. 

.Ca  unSki  in        On  candles  in  general  fee  an  effay  by  W.  N.  in  the  Philof. 

genenL  Journal,  quarto,  I,  67 ;  alfo  my  Firft  Principles  of  Chemiftry, 

Art.  Weix :  Hermlladt  on  the  diflTcrent  materials,  wax,  taHow, 
fpermaceti;  Philof.  Journ.  quarto,  V,  187. — I  have  always 
fufpedcd  from  the  general  fadts,  that  the  light  of  fmall  candles 
is  cheaper  than  that  of  larger,  and  have  little  doubt  of  the  truth 
with  regard  to  fuch  as  exceed  the  diameter  of  three  quarters  of 

•atl'ine  of  vtrj  &n  inch  in  tallow.     We  are.  much  in  want  of  a  feries  of  ex- 

^(finbk  •^^r^'petrntntM  on  the  difllerent  defcriptions  of  candles,  under  the 
nents  concern*  *  *  , 

b^  them.  general 
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general  titles  of  Wax,  Spermaceti,  Tallow,  and  mixjed;  and 
tabulated,  to  (hew,  1 .  Average  weight  of  the  wick ;  2.  Num- 
ber of  threads ;  3.  Weight  of  the  whole  candle ;  4.  Diameter ; 
5.  Length;  6.  Time  of  combuflion  per  inch;  7.  Ditto  per 
ounce;  8.  Quantity  or  inteniity  of  light  when  newly  fnnfied; 
9.  Ditto  afler  burning  half  a  minut^,  or  till  the  ufual  period  of 
fnuffing ;  10.  Average  intenfity ;  1 1 .  Expence  of  material  per 
hoar  to  produce  the  Quantity  1.00  of  light;  12.  Ditto  in  the 
ttioney  price  of  the  article;  13.  Station  of  the  barometer;  14. 
Ditto  of  the  theripometer;  13.  And  ditto  of  the  eudiometer. 
I  am  abfolutely  unacquainted  with  any  good  flandard  of  com-?**"^5^^*l»* 
pftrifon  of  light.  The  fun  p^petually  varies  with  the  weather,  JJJjmgS^  ^ 
its  altitude,  &c.     It  feeps  probable  that  an  earthen  lamp^ 
having  a  wick  of  known  texture  and  weight,  cut  to  a  deter* 
minate  elevation  by  a  gage,  and  charged  with  very  pure  olive 
oil,  might,  at  like  fialions  of  the  barometer  and  thermometer, 
give  light  fo  nearly  equal,  for  the  drd  two  or  three  hours,  as  to 
afford  refulls  confiderably  exad ;  of  which  the  means  of  fevera! 
repetitions  would  be  of  great  pradical  utility.    The  compel-*  Method  of  com* 
fon  of  lights  by  the  (hadows  has  been  oflen  mentioned;  but  ^c^^JlSn 
fimplicity  and  value  of  the  method  (not  yet  univerfally  known) 
will  jufiify  1^  fliort  repetition.     When  the  (hadows  of  the  (ame 
obyed  fall  ubon  each  other,  not  precifely,  the  bordering  flmdes 
will  be  fev^lly  illuminated  by  one  light  only:  move  the 
lights  till  thef^  bodies  appear  equally  dark  at  the  point  or  place 
where  they  meet  in  an  angle.     Then  meafure  the  diflances 
of  the  lights  from  that  point  or  place,  and  the  intenfities  are 
inverfely  as  the  fquares  of  thofe  difiances.    .It  is  to  be  noticed 
that  the  obdacle  which  forms  the  (liadow,  a  book  for  example, 
mud  be  held  fo  that  the  ray  from  each  light  may  fall  on  the 
wall  nearly  in  the  fame  angle ;  and  this  will  always  be  the  cafe 
if  the  fiirther  light  be  nearly  behind  the  other. 

In  a  fubfequent  letter,  Mr.  Walker  informs  me,  that  he  care- 
fully  meafured  his  intenfities  by  the  method  of  (hadows,  as 
mentioned  in  Priedley's  Optics.  I  conclude  this  to  have  been 
the  method  here  defcribed ;  though,  for  want  of  a  good  index, 
i  can  only  find  the  method  of  Bouguer  in  that  work» 
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IX. 

Dtjtription  of  a  new  Secret  Lock.    Bif  J.  B.  Bc&akd. 
(Concluded  from  Page  222  J 

:ooftrn£Hon  of  1  MAY  alfo  in  this  place  fbite  the  reafon  why  I  have  made 
toet  lock  ic-  j|jg  ^^y  j^g  ,,^11  ^  jjjg  ferrils  with  24  rather  than  25  divifions. 

he  pioprietor*  Ixi  the  firfl  place,  it  afibrds  a  fmall  diminution  in  the  dimenfions 
of  the  lock.  Another  more  eflential  advantage  is,  that  in  the 
divifion  of  24,  each  notch  in  the  ferril  is  oppofed  to  another 
diametrically  oppoiite,  which  facilitates  the  introdu^ion  and 
taking  out  of  the  bolt.  We  may  obferve,  that  for  the  iame 
reafon  the  teeth  of  tl|p  ferriis,  being  rather  rounded  at  the 
tip,  fecilitate  the  entry  of  the  little  wedge,  which  is  likewife 
rounded  underneath. 

The  lock  being  thus  conftruded,  it  only  remains  to  fix  it  to 
■  the  door.  For  this  purpofe,  an  opening  is  contrived  of  the  fize 
of  the  box  of  the  lock,  in  the  horizontal  crofs  piece,  without 
cutting  the  vertical  frame  of  the  door ;  and  round  it  a  groove 
is  made,  of  2  in  depth  and  6  in  breadth,  on  which  the  face  of 
the  lock  refls :  the  lock  is  placed  in  this  opening  without  the 
bolt ;  and  if  it  is  deiired,  four  nails  or  fcrews  may  be  driven 
into  the  wood  through  four  holes  made  in  the  face  of  the  plate; 
but  this  is  not  neceflary.  The  bolt  is  then  placed  on  the  other 
fide  of  the  door,  and  if  the  wood  be  too  thick,  it  may  be  cut 
away  till  the  bolt  Aides  fair  and  eafily  over  the  wood.  This 
'  is  very  eafy  to  be  done,  and  then  the  face  of  the  bolt  ought  to 
lie  liufh  with  the  edge  of  the  door. 

It  is  obvious  that  the  height  of  the  ferrils  muft  be  propor- 
tioned to  the  thicknefs  of  the  door.  If  the  door  be  30  m. 
thick,  for  example,  the  ferrils  (which  ought  to  be  1  under  the 
furface  of  the  lock)  would  be  about  29. 

I  muft  alfo  obferve,  that  in  order  to  render  the  motion  of  the 
fcrew-heads  more  eafy  and  uniform,  a  pafleboard  of  1  in  thick- 
nefs, with  five  holes  punched  in  it,  mufl  be  laid  upon  the  inner 
furface  of  the  plate  of  the  lock ;  and  above  the  pafleboard, 
another  flip  of  very  thin  brafs,  likewife  perforated  with  five 
holes :  then  the  interior  flat  wheels  have  a  very  eafy  motion 
5  over 
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over  the  brafs  which  refb  on  an  elaftic  plane,  which  yields  foCoaftrodknif 
Che  unavoidable  irregularities  of  execution  in  a  work  of  a  mo*^^^|^  ^^  ^ . 
derate  price.  thie  ptoprittor. 

.  It  mufi  likewife  be  obferved,  that  the  heads  of  the  (crews, 
9M  well  as  the  face  itfelf  of  the  lock,  ought  to  be  cafe  hardened, 
to  order  to  proted  it  from  external  injuries,  and  to  prevent  the 
enlargement  of  the  holes- which  receive  the  fcrews.  The  fur« 
iaee  ought  to  be  highly  polilhed,  and  the  heads  of  the  fcrew) 
fliottU  be  blae« 

Advantages  qfthe  nav  Lock* 

Ift,  As  in  Reignier's  lock,  which  likewife  has  fcrew-heads, 
ferrilsy  and  teeth  without  wedges,  thefe  pieces  cannot  be  put 
at  diftanoes  extremely  precife,  it  neceflarily  follows  that  one 
of  the  pins  or  teeth,  the  fourth  for  example,  will  always  meet 
its  ferril  before  the  others  meet  theirs.  Let  us  fuppofe  that 
with  a  turnfcrew  we  endeavour  to  turn  the  fcrew-head  which 
moves  the  bolt,  whilfl  with  another  hand  and  turnfcrew  we 
focceffively  turn  the  other  fcrew-heads,  they  will  all  tum 
freely,  except  a  fourth,  which  will  be  immoveable :  It  will  be 
concluded  that  the  fourth  fcrew-head  is  riot  in  the  pofition  to 
open  d^e  door,  that  is  to  fay,  that  the  deep  cut  of  the  ferril  is 
not  oppofite  the  pin  of  the  bolt :  that  figure  or  letter  of  the 
icrew-head  will  be  noticed  among  thofe  which  do  not  form  the 
fecret.  The  pofition  of  the  fcrew-head  muft  therefore  b^ 
changed,  and  the  above  procefs  repeated  till  the  pin  is  felt  to 
611  into  the  notch.  The  fame  experiment  muil  then  be  made 
with  that  fcrew-head  among  the  remaining  ferrils  which  alone 
is  now  prefled  by  its  pin.  And  after  eighty  attempts  at  moft, 
if  there  be  eight  fcrew-heads,  each  having  eleven  figures,  we 
fiall  know  the  eight  figures  which  compofe  the  fecret. 

Here  then  is  a  regular  and  infallible  procefs  to  difcover  in 
lefs  than  an  hour  the  combinations  with  which  the  lock  is 
clofed.  This  defe6l,  which  is  common  to  the  generality  of 
compounded  locks,  does  not  exifl  in  mine. 

When  my  bolt  is  moved,  the  wedges  which  precede  the 
teeth  enter  at  (he  fame  time  into  the  cuts  of  the  ferrils,  which 
are  of  fuch  a  height  that  they  graze  the  interior  furface  of  the 
lock:  all  the  four  ferrils  then  become  immoveable,  and  it  isim- 
poflible  to  difcover  which  is  the  ferril  that  is  firfl  met  by  the 
correfpondent  tooth,  becau(e  their  fixation  is  produced  at  the 
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Conflruainn  *t  fame  time  from  ihe  [eelh  and  tha  wedge;.  No  cisternal  exa- 
"ffibk  6n^''w  "  ""i"**'""  ^"  lliexpfore  [Iiew  ihe  difference  in  fiiuihon  ol'  ihe 
the  piopileur,  four  ferrils.  It  u  obvious  that  in  order  to  infure  Ihis  effeA,  the 
wedges  ought  (o  lit  the  cuts  between  the  teeth  in  (he  ferrds  ex- 
actly J  which  is  very  eaiily  obiajiied  in  the  conftruSioii.  An- 
other advantage  refulting  from  the  wedge  i(,  thai  if  any  of  ihe 
deep  notches  or  openings  be  not  exactly  in  a  line  with  the  reft, 
the  wedge  eafily  adjiifts  it,  and  the  bolt  is  not  in  the  leaf)  im- 
peded on  that  account ;  Ibis  advjnlege  renders  it  unnecelTiiry 
that  the  workmaiifhip  of  the  lock  Ihould  be  exqiiilite,  a  condi- 
tion which,  in  a  work  of  a  moderate  price  like  the  prefent, 
would  render  it  ufetefs. 

2d,  My  lock  is  eafily  opened,  it  having  only  font  fcrew- 
heads:  it  has  neverthelefs  331,776"  combinationt,  a  number 
fally  fullicient  to  fet  the  mofl  fufpicious  mifer  at  eafe. 

We  may  add,  (hat  it  is  much  eaGer  lo  recoiled  one  word  than 
a  number,  which  mud  be  the  cafe  in  Keignier's  lock, 

3i/,  When  characters  are  engraven  externally  on  the  fcrew- 
beads,  Ihej  are  either  difficult  lo  be  perceived,  or  may  be  eafily 
damaged.  A  key  with  cha racier s  engraved  on  it,  is  I  think  a 
great  improvement :  a  favjng  is  likewife  aflbrded,  which  is  a 
confideration  of  fome  confeqm-nco  in  a  machine  of  common 
ufe. 

nil.  The  method  by  which  I  vary  tlic  pofilion  of  each  ferril 
withrefpefl  lo  its  fere w -head,  is  at  once  (iinpleand  folid. 

tth.  The  mechanifm  by  which  the  bolt  is  attached  to  tlie 
lock,  is  concealed,  and  cannot  be  damaged.  As  nothing  is 
feen  of  tlie  lock  but  a  fmooth  plate  on  either  fide,  it  would  be 
very  proper  for  a  bureau  or  'fcruloirc. 

Another  lingular  properly  refulting  from  this  mechanifm  is, 
that  it  can  only  be  taken  lo  pieces  by  the  proprietor,  whether 
the  door  he  open  or  fliul :  it  coidd  not  even  be  done  by  a.  per- 
fon  (hut  in  the  apartment. 

6lh,  The  lock  may  eaiily  be  fet;  b"!  the  interior  fcrew- 
heads  do  not  turn  on  wood,  there  is  no  danger  that  their  mo- 
tion Ihould  become  lefs  regular  or  eafy  on  account  of  wear. 
The  fame  may  be  ibferved  of  the  bolt,  which  Aides  in  a. 
groove  of  iron. 


*   Thii  is  the  fourth  power  of  24. 
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Trt,  The  lock  is  very  ("olid;  for  there  is  no  opening  inloconibuaion  of 'I 
which  any  tool  might  be  introduced.  The  lace  of  the  door »  f"p«  tock  at-  ^  | 
may  likewife  be  furrounded  with  a  (Irong  nielallit:  nivenng  lei  ^he'ptop riiwr.  1 
into  the  wood,  and  (he  back  part  of  the  door  may  be  covered 
with  iron  plate*,  the  only  method  of  preventing  any  one  from 
cutting  the  wood  ronnd  the  lock. 

8{A,  If  it  fliould  be  ihoiighl  inconvenient  to  place  the  lock  in 
the  thicknefa  of  the  door  il  may  be  eafily  avoided.  The  Aems 
of  (he  fcrcw-hcads  need  only  be  made  longer,  and  anotlier 
plAte  limilar  to  thai  of  the  face,  added :  the  fcrews  in  that 
cafe,  after  having  palTed  through  the  face  as  well  ai  the  door, 
would  pafs  into  ihe  lock.  This  addilion  requires  an  incteafe 
of  work,  but  it  affords  no  real  advantage. 

Lock  for  a  Buretut  or  Secretary. 

Though  my  lock,  as  I  have  defcribed  if,  can  be  eafily  fixed 
to  a  fecretary,  yet  I  think  it  uleful  to  indicate  the  changes  con- 
venient to  be  made  tn  it. 

ift.  The  height  of  the  ferrils  miiil  be  diminifhed,  llial  ihe 
bolt  may  be  iniiiely  funk  in  the  flap  of  the  fecretary. 

2d,  In  order  lo  diininifh  the  lenglh  and  breadth  of  the  lock, 
ten  divifions  in  the  feriils  may  be  made  inllead  of  eighty :  they 
need  then  be  only  25  in  diameter ;  but  then  the  fecret  will 
conGtlina  number  of  four  figures  inllead  of  a  word  of  four  let- 
ters, which  is  not  fo  convenient,  as  I  have  already  obferved, 

3d,  The  box  of  the  lock  may  befupprelTed,  and  the  lock  will 
Hill  have  folidily  fufficicnl  for  a  bureau ;  the  price  will  likewife 
be  diminiflied. 

ith,  Inftead  of  engraving  charaflers  on  the  face  of  the  lock, 
I  prefer,  as  has  been  Teen,  to  mark  them  on  the  lumfcrew  itfelf; 
but  the  external  damage  is  not  to  be  feared  in  a  fecretary  as  in 
a  door.  It  is  therefore  more  convenient  that  the  figures  or 
letters  fhould  be  on  the  faee  itfelf  of  Ihe  fcrew,  and  a  knob  or 
fmall  handle  may  be  contrived  on  the  face  of  tlie  fcrews,  in 
order  to  turn  them.  lii  this  cafe  no  key  or  tumfcrcw  need  be 
carried  about ;  this  is  an  advantage  of  fume  confequence. 

Concerning  (lime  other  Kinds  nf  Compound  Loch. 
Il  is  poflible,  as  I  have  already  obferved,  to  apply  the  prin- 
ciple* of  thefe  combinations  lo  the  conllruAion  of  locks  in  a 
nuiobar 
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U^Fw^oa  of  number  qf  methods;    That  which  I  have  defcrtbed  ii  thel  lift  , 

J^^.^y  ^refuk  of  my  eodeavovrs  on  this  objea;  it  feems  to  me  to  bo 

Jwpropiietor.    the  fyftem.that  bed  anfwers  all  the  conditions  of  the  problem* 

t  think,  however,  that  it  will  not  be  ufelefs  ^o  make  known 

iome  more,  if  it  were  only  to  prevent  others  from  making  an* 

neceflary  attempts  on  the  fame  fubje^, 

\Ji,  The  front  part  of  the  lock  prefents  25  (mall  redangles, 
10  wide  by  15,  difpofed  in  a  right  line,  and  forming  in  all  250. 
Tlie  24  letters  of  the  alphabet  are  marked  on  thefe  redanglet : 
they  Bie  included  between  the  two  partitions  of  the  horizontal 
channel  or  groove,  and  they  all  touch  one  another.  They  Hiay 
be  pulled  outwards  to  the  diflance  of  4  millemetros,  Kke  the 
(lops  of  an  organ.  Each  of  thefe  flops  has  a  little  fpriog  at 
(op,  which  gives  it  an  eaiy  and  finooth  motion,  and  prevents 
it  from  dragging  with  it  any  of  its  neighbours.  £^h  (lop,  in 
the  inGde  of  the  lock,  has  a  projedion  in  die  form  of  a  tooth. 

The  bolt  has,  on  its  fuperior  and  horizontal  face,  24  dove* 
tailed  grooves  with  dovetails,  each  of  which  receives  a  regifter 
or  (lop  of  the  (ame  form,  having  a  toodi  at  top.  Thefe  (lops 
of  the  bolt  may  be  put  into  their  grooves  with  the  extremity 
iitfving  the  tooth,  or  the  other  end,  jad  at  pleafure.  TThe  bolt 
is  endofed  in  a  box,  the  vifible  ^d  interior  (ace  of  which 
moves  in  a  grroove,  in  order  to  take  out  and  replace  the  bolt  at 
pleafure. 

The  lock  is  thus  ufed.  If  it  is  to  be  opened,  the  exterior 
flops  forming  the  fecret  are  brooght  forward,  then  the  25th  (lop 
is  drawn,  and  this  renders  the  red  of  the  (lops  immoveable. 
Afler  having  returned  it,  it  is  turned  by  means  of  a  knob  or 
hahdle  Which  it  carries,  and  the  bolt  is  thus  made  to  move. 

When  the  fecret  is  to  be  changed,  the  interior  regifters  are 
to  be  placed  in  the  grooves  cut  in  tlie  bolt,  by  the  extremity 
which  has  no  tooth.  They  are  then  inverted  with  refped  to 
the  others,  and  their  teeth  become  in  a  line  with  thofe  of  the 
exterior  (lops. 

The  number  of  combinations  in  this  lock  is  equal  to  the 
eightieth  power  of  2,  nearly  17  million :  It  is  convenient  for  a 
bureau,  but  the  workmanfhip  mud  be  exquifite:  Befides,  it 
is  not  convenient  for  a  door,  becaufe  dops  which  projed  feveral 
millimetres  may  be  eadly  damaged.  I  cannot  here  enlarge 
upon  the  other  imperfedions  which  it  prefents.    In  this  fydiem 

the 


fkm  Ufif  fioatt  kanw-heads  might  be  filbiiitttted  for  the  fiopi«  Oiirtiaiiliii 
which  would  not  then  require  ferrilt.  This  arrangement  would  ^^aUm£* 
not  be  preferable  to  the  other. 

2d,  Let  as  imagine  three  rings  lodged  one  within  the  oCher^ 
and  ferming  one  and  the  (ame  plane  with  a  fourth  fbeed  tp  the 
dobr,  and  an  immoveable  circle  in  the  centre ;  fuch  is  the  fiura 
of  the  lock.  The  three  intermediate  rings  turn  freely  and  fe* 
parately  by  means  of  a  button,  which  mufi:  be  made  to  conre- 
Qxmd  with  one  of  the  letters  of  the  alphabet  marlcedon  the 
•uter  circle  fixed  to  the  door.  Each  carries  interiorly  a  farril 
capable  of  2^  portions.  When  the  notches  of  the  three  ferriis 
are  difpofed  in  ftraight  lines,  the  bolt  is  made  to  move  by  means 
of  a  knob  or  handle  in  the  middle  of  the  ^ce. 
.  This  lock  *  refembles  in  fome  refpedls  the  firft  I  have  de* 
fcribed*  In  this  the  ferriis  are  concentric,  and  in  the  others 
they  arc  feparate.  It  has  an  agreeable  form,  and  would  be 
proper  for  a  fecretary^  and  its  execution  does  not  require  mncil 
precifion.  It  is  not  very  convenient  for  a  door,  becaufe  it  is 
likely  to  be  damaged. 

.  3d,  Let  us  imagine  five  fcrew-heads  on  the  face  |  let  each 
of  thefe  fcrews  carry  a  fmall  pinion  within,  which  moves  a 
notched  bar  or  rack.  This  rack  mud  have  ten  teeth,  one  of 
which  is  withdrawn,  in  order  to  leave  a  cle^  way  or  fpace. 
The  fifth  fcrew  mud  move  a  fifth  rule  carrying  four  teeth,  and 
at  right  angles  to  the  other  four.  It  is  clear  that  this  laft  rule, 
which  I  fuppofe  to  be  the  bolt,  can  never  move  except  when 
the  other  four  rules  are  in  a  convenient  pofition.  In  this  me- 
thod the  lock  will  be  enormoufly  large ;  and  it  willalfo  be  very 
difficult  to  prevent  this  fecret  from  being  difcovered  from 
without. 

4lA,  If  toothed  wheels,  with  an  unequal  number  of  teeth 
all  taking  in  one  another,  be  fubfiituted  for  the  flat  wheels 
which  are  under  the  ferriis  in  the  fyflem  of  locks  with  fcrew* 
heads,  then,  if  one  fcrcw.head  be  moved,  it  will  derange  all 
the  ferriis  at  once.  This  faves  time,  without  diminilhing  the 
liumber  of  combinations.  This  advantage  led  me  to  approve 
of  the  confiru6l)on  for  fome  time ;  but  it  is  produdive  of  fo 
many  fcrious  inconveniences,  that  I  was  obliged  to  aban- 
don it. 

*  I  have  Cekn  fi>me  at  Pirisi  nearly  fimilsv  to  this. 

It 
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ftiiiiiftlifaof  .  It  would  be  fuperfliiotts  to  examine  a  greater  miBiberof 
ij^j^jjff^  Ijrflems.     1  (hall  conckde  by  one  general  obfervation. 

All  the  compound  locks  that  can  poffibly  be  made,  may  be 
divided  into  three  fpecies.  In  the  drd,  (Iraight  or  curve  lines, 
are  Biade  to  move ;  in  the  fecond^  plain  or  curved  furfiK^es ; 
in  the  thtrd^  folids.  It  is  obvious  that  one  folid  offers  as  many 
arrangements  or  combinations  as  three  lines  together^  and  one 
for&ce  as  many  Ss  two  lines. 

TheTe  lines^  furfiures^  and  foltds,  form  interior  (lops  made 
to  receive  motions  (externally  produced)  in  a  ilraight  or  in  a 
curve  line. 

It  is  obvious  from  the  application  of  (hefe  principles,  an 
almoft  infinite  variety  of  locks  may  be  conftruded.  I  (ball  not 
undertake  to  extend  the  variations,  but  fliall  only  iky,  that  I 
think  I  am  convinced  that  the  bed  fyflem  is  that  of  moving 
the  circumferences  of  circles  internally  by  circular  motions 
produced  from  without. 

CONCLUSION. 

I  am'  feniible  d»t  what  I  have  faid  concerning  the  locks, 
which  I  confider  as  lefs  perfe6i,  is  not  fufiicient  to  dired  their 
eonflru6iion ;  but  I  have  faid  enough  to  make  their  fyfteio 
known  to  artiAs,,  and  to  deter  them  from  fruitlefs  experiments. 
It  iBuft  not  be  forgotten,  that  in  this  kind  of  machine  nothing* 
good  or  ufefiil  (hall  be  done,  unlefs  firoplicity,  convenience, 
iblidity,  economy,  and  facility  of  execution,  be  combined. 

It  is  under  tliefe  feveral  points  of  tjcw  that  the  problem  of 
compound  locks,  which  may  be  worthy  of  the  attention  of 
artifts,  ought  to  be  confide: ed.  I  do  not  pretend  to  have  di(^ 
covered  the  bed,  but  I  dare  affert,  tiiat  the  lock  which  I  have 
defcribed  ikpproaciies  fo  near  to  perfe6lion,  as  to  entitle  it  to 
the  fuperiority  over  the  common  locks  which  are  more  or  lefs 
ingenious  and  complicated,  and  even  to  place  it  among  the 
locks  of  combination,  as  one  of  the  mod  fimple  that  has  yet 
appeared,  or  that  I  kiK>w  of. 

Whether  I  iliall  be  allowed  the  fmall  honour  of  having  in- 
vented this  arrangement,  or  the  merit  only  of  having  brought 
it  to  perfedlion,  is  not  tq  me  a  matter  of  confequence.  I  (liall 
be  fatisfied  if  I  have  aflifled  others  in  improving  this  fpecies  of 
machines,  the  utility  of  which  need  not  be  proved.  In  faft, 
if  the  common  I^ks  which  are  brought  to  the  greated  perfec- 
tion. 


AFPAkATUS    FOX    EXHIBrTlHG 


rUoD,  weie  icnJereJ  its  fiire  and  inviolable,  as  ihey  are  at 
pfefcnt  the  contrary,  Ihey  would  fiill  have  this  inconvenience: 
they  arc  liable  Lo  be  f<iiccd  by  iiiiroducing  fome  tool  or  inllru* 
ncDt;  and  even  it  Ibe  violator  Ihould  fail  in  his  aiEempL,  the 
proprietor  will  neveilhelefi  be  reduced  to  the  neceflity  of 
breaking  open  bis  own  door  if  the  iiilide  of  the  lock  Ihould  be 
ever  fo  little  deranged.  The  adranlage  iben  of  a  lock  which 
afibtds  no  entrance  lo  a  key  is  obvious,  a  problem  which  I 
think  cannot  be  well  folved,  except  by  a  circular  motion. 
Tha^  which  I  have  delctibed,  not  only  anfwers  all  the  condi- 
tions of  the  theory,  but  has  flood  theteftof  experience.  The 
greatefl  obliacje  to  the  propagation  of  locks  of  combination, 
proceeds  from  the  prejudices  of  habit,  Aill  more  than  from 
their  want  of  fimplicily  :  and  it  is  well  known  that  this  is  the 
kle  of  all  truths  *. 


I 


Description  af  Dr.  Young's  Apparatus  for  exhibiting  the  Co- 
hurt  of  thin  Plate  by  ans  f  the  Solar  MlcroJ'cope.  From 
tkt  JourmU  oj' lite  So^ai  I  ji  tut  oa     I.  241. 

X  HE  colours  of  ih  n  plate       e  e  obferved  by  Boyle  and  The  wtounof 

Hootc,  and  more  accu  atelv  ana!}  fed  by  Newton  :  but  httle'^'"P!*'f*'*** 
-'■'-'  been  little  ea- 

01  nothing  was   added  lo  th     a     ount  ihaL  Newton  gave  of  minuj,  ind  nc 
them,  unlil  fome  attempts  were  lately  made  lo  explain  them,  *^f.P^'''"'J**- 
and  to  bmld  at  tiie  fame  time  on  the  explanation,  the  principal 
arguments  in  favour  of  a  new  fyflem  ol*  light  and  colours.   The 
phenomena  tliemfeives  were  very  little  known,  except  from  -  ^ 

Newton's  defcription  ;  it  had  happened  but  to  few  to  obferve  ^^H 

them  ;  and  they  had  never  been  made  confpicuous  to  a  public  ^^H 

audience  in  a  Ibrm  equally  beauttful  and  interefling.  ^^ 

It  appeared,  however,  that  there  would  be  bttle  difficulty  Newincmpt  to 
in  applying  the  apparatus   for  rcprefenting  opaque  objefts  '" 'j''''^"^^ 
the  foiat  microfcope,  to  the  exhibition  of  thefe  colours  on  a  ^^^ 
large  fcale :  but  feveral  precautions  were  necelTary,  in  order 
to  obtain  tlie  moll  advantageous  reprefentation ;  and,  thefe  \ 

precautions  haiiiig  been  coinpletely  fuccefsful,  it  may  be  of 
fome  utility  to  give  a  detaciicd  account  of  them. 

"  In  the  former  Paper  for  Requier  reid  Rcignier,  and   in   the 
note  on  f>  317,  fbrSiaviab  read  Sranuh, 

The 
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Methods  of  pRw     1^  colours  of  thin  Aibfiances  muft  often  hsve  been  (eeo  m 

l^^l^^      ^^    bubUes  of  water  or  of  other  iukls,  and  in  the  film  prodaced 

by  a  drop  of  oil  fpreading  on  water;  they  were  more  partial* 

krly^ferved  in  the  plates  of  talc»  or  of  felenite^  mto  whidr 

tfaofe  fubftances  readily  divide.     Sir  liaac  Newton  made  hb 

experiments  principally  on  the  coloars  of  foap  babbles,  and  cm 

Mr.  JorfanN     thofe  which  are  produced  by  the  cental  of  two  lenfes.     For 

Sod^'«hib!tl  'va(pe6ting  the  colours  of  foapy  water^  the  moft  convenient 

ing  the  (ba^y      method  is  that  of  Mr.  Jordan.     He  dips  a  wine  glafs  into  a 

^*  weak  folution  of  foap,  and  then  holds  it  in  a  horizontal  pofi* 

tton  againfl  an  upright  fubftance,    for  example,  a  window 

(Imtter ;  the  film  covering  the  glafs  being  in  a  vertical  pofi« 

tion,  the  gravity  of  the  fluid  tends  to  make  it  thicker  at  tfaci 

lower  part,  and  it  becomes  every  where  gradually  thinner  and* 

thinner,  till  at  length  il  burds  at  the  uppermoil  point.     Th« 

colours  aifume,  in  ibis  cafe,  the  form  of  horizontal  flripesa 

ifmilar  to  the  rings  which  are  to  be  more  particularly  de- 

fcribed. 

The  ccloars  It  has  been  obferved  by  Newton,  that  the  colours  thus  re^ 

from  a  ^"»f«      fle^d  from  a  plate  of  a  denfer  medium,  are  more  vivid  than 

piate  arc  more  »  ' 

"wivid  than  thofe  when  a  plate  of  a  rarer  medium  is  interpofed  between  two 
^™  V*r  ?'?'  denfer  mediums.  But  the  caufe  of  this  apparent  difference  is 
ter  artfi1utt<t  by  probably,  the  quantity  of  foreig^n  light  that  i^  generally  prefent 
tite  Hght  rc»  j„  ^jjg  experiment,  reflected  as  well  from  the  upper  furface  of 
confining  me-  the  fopcrior  medium  as  from  the  lower  furface  of  the  inferior,,'  . 
^iomt.  both  thefe  furfaces  being  often  nearly  parallel  to  the  furfaces 

in  conta6l.     It  becomes  therefore  defirable  to  remove  this  fo« 
Rrmcdy.  reign  light :  this  mav  bo  done  cff*e6tually,  by  employing  one 

glafs  in  the  form  of  a  prifm,  and  coating  the  lower  furface  of 
the  other  with  black  foaling  wax  :  the  light  refle^ed  by  the 
oblique  furface  of  the  firfl,  is  thus  thrown  into  another  direc- 
tion ;  and  the  reflexion  of  the  inferior  furface  of  the  fecond,  is 
either  deft ro^-^d  or  rendered  imperceptible.  And,  with  thefe 
precautions,  the  rings  of  colours  produced  in  the  refleded 
light,  may  be  rendered  a  very  beautiful  objeft  by  means  of  the 
folar  microfcope. 
The  plane  gl^fs  The  moft  perfe^ly  plane  glafles  are  thofo  which  are  ufed  for 
\i  tiudt  prima-  H-^diey^s  oiiadrants  :  one  of  thefe  may  be  irround  in  the  di- 

tic,  and  the  /.  i      /.  •  r       r    r  n-  r 

iowcr  furface  of  rcclion  of  the  diagonal  of  its  tranrvcrle  feaion,  loas  to  make  a 

thf  lens  coated    i\^]^  u*tdge  or  prifm;  and  the  furface  of  the.  lens  employed 

ir.ufi  l)e  a  portion  of  a  fphere  of  from  five  to  ten  feet  radius.- 

The 
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^Tbe  two  glares  inud  be  retained  in  their  portion  by  means  of 
three  fcrews ;  for,  as  foon  as  the  preflure  is  removed,  thej 
repel  each  other  with  confiderable  fbnce ;  and«  for  this  reafon, 
neither  of  them  ought  to  be  very  thin,  otherwife  they  wiU 
bend  before  they  are  fufficiently  near. 

For  adjuring  the  glades  to  the  microlcope,  it  is  convenient  This  Apparatus 
to  fix  them  in  a  cylinder  of  fufficient  fizt  to  proje^  beyond  the  "J'T  **  **?^  *^ 
gMTes  and  their  fcrews,  in  order  that  they  may  be  readily  crofcope. 
tarned  fo  as  to  reflefl  the  light  coming  from  the  fpeculnm  into 
Che  diredion  of  the  axis  of  the  roicrofcope :  it  is  obvioos  that,  , 

in  this  cafe,  they  muft  be  fomewhat  inclined  to  the  light,  fo 
that  the  focus  of  the  whole  image  will  never  be  equally  per* 
Mt;  and,  inflead  of  being  circular,  like  the  rings  themfolves, 
their  images  on  the  fcreen  will  be  oval.  In  this  manner,  eight  The  effcd 
or  ten  alternations  of  colours  may  eatily  be  obferved ;  but  their 
order  and  fequence  is  too  complicated  to  be  eafily  underflood : 
for  they  are  really  compofed  of  an  infinite  number  of  feries  of 
rings  of  different  magnitude,  each  feries  being  formed  by  each 
of  the  gradations  of  light  in  the  prifmatic  ipedrum,  which, 
near  the  centre,  are  fufficiently  feparate  to  form  diftind  ap- 
pearances, either  alone  or  in  combination ;  but,  afler  eight  or 
ten  alternations,  are  lofl  in  the  common  effect  of  white  light.  '  *"* 

Ftfr,  when  the  glafi'es  are  illuminated  by  homogeneous  light  ^'•'^J?"*'^"^ 
tmly,  feparated  from  the  refl  by  the  refra6tion  of  a  prifm,  or 
otherwife,  the  rings  of  each  colour  occupy,  together  with  the 
dark  fpaces,  the  whole  viiible  furface,  their  number  being 
only  limited  by  the  power  of  the  eye  in  perceiving  objedls  fo 
minute  as  the  external  ones  become,  in  confequence  of  the 
rapid  increafe  of  the  thicknefs  of  the  plate  of  air  near  the  edges 
of  the  curved  furface.     This  circumftance  being  once  under-  and  ftlll  more 
flood,  it  is  alfo  capable  of  being  illuflrated  in  a  manner  ftill  *j!«^^^'y  ^^  * 
more  elegajit,  by  placing  a  prifm  a  few  feet  from  the  microf- 
cope,  leaving  only  a  narrow  line  of  its  furface  expofed  to  the 
incident  rays,  and  then  throwing  the  rings  of  colours  on  it,  ip 
fucfa  a  dire^^on  that  this  line  fhall  pafs  through  tlieir  centre.  .  •     . 

Care  being  taken  to  exclude  from  the  prifmatic  fpe^rum  thus 
formed  all  extraneous  light,  it  exhibits  a  moA  interefling  anar 
lyfis  of  thefe  colours ;  for  the  line  coniiils  of  portions  of  th^  Intereftiiis  cf- 
rings  of  all  poflible  gradations  of  colour,  each  forming  a  broken 
line,  but  not  of  the  fame  dimenfions ;  and,  by  the  prifmatic 
nefta^n,  all  thefe  broken  lines  are  feparated  and  placed  pa* 

v^  rallel 
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nJIel  to  oach  other,  on  account  of  the  diOirrent  rdhin^itnEitf 
of  the  light  of  which  they  con  lift.  Thus  die  broken  line  o^ 
the  extreme  red,  which  conlills  of  iho  loiigell  portions,  is  ]taA 
refrafled  :  the  other  reds  (ollow,  and  are  placed  in  cuntsc) 
with  the  firfl,  and  with  each  other,  but  on  account  of  the 
different  magnitude  of  the  portioHj,  fomew hat  obliquely.  The 
dark  fpaces  sllb  arc  in  contad.  and  form  a  Icparation  between 
each  portion  of  light.  In  the  fajne  manner,  the  green  followa 
the  red,  with  litllc  or  no  vilibk  jellow.  The  blue  and  violet 
are  fomcwhat  mixed :  lor  ihefe  two  colour!  are  much  lefs 
widely  leparated  by  thin  plates  than  by  the  prifm  :  for  ihU  rea- 
fon,  each  portion  of  light  formed  by  (he  contiguous  lines  of 
the  different  colouri  is  bounded  not  by  flraight  but  by  curved 
lines. 

It  is  evident  timt,  by  drawing  a  line  acrofs  this  compound 
fpe&uin  at  any  part,  we  may  learn  the  component  parts  of 
the  light  confiituting  the  rings  at  that  part ;  for  the  prifm  only 
Ipreads  lli«  colours  in  a  diredion  Iranivcrfe  lo  this  fpeSrum  : 
and  it  may  be  ubft^rved,  thai  al)cr  the  eighth  or  tenth  alterna- 
tion, ihe  light  tranfmilted  at  each  point  is  fo  mixed,  Uiat  we 
may  eafily  undcrftand  how  it  appears  white, 
lanb^  The  colours  of  ihin  plate!>,  as  feen  by  iranfmiflion,  are  alb 

b  i^MtT  **'''>  ^^•'i'*''^  '"  ""^  *"'^  microfcopc ;  but,  fincc  it  is  ut- 
iflyftewn.    terly  impoflible  to  exclude  Ihe  very  great  proportion  of  the 
light  which  is  not  concerned  in  tiieir  formation,  they  never 
appeal  fo  brilliant  as  the  colours  Iccn  by  refludion. 

Y. 


Eitraft  Ufa  Ltllerfrom  R.  Chknbvix,  EJij.  on  the  Mugndic 
Property  qf  Nickel. 

kktiittraf  ■■  ^^  afraid  that  I  was  too  hafty  in  denying  the  magnetic 
property  of  nickel.  The  fa£l  is,  I  had  obtained  both  it  and 
cobalt  in  dial  flate.  But  in  profeculing  a  ieries  of  experi- 
ments upon  Ihefe  nietai--,  1  perceived  the  real  caufe  why  fe- 
veral  fragments  which  I  had  obtained  did  not  exert  any  in- 
fluence upon  the  magnet.  I  look  a  piece ornickcl  which  ivb« 
itot  «ttra£)able,  and  v/hich  exhaled  lufenical  vapoun  when 
i  heated 
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fceated  by  the  blow  pipe,  and  diflblved  it  in  nitric  acid.    I  ExknlnatWa  «f 
boiled  the  folution  until  the  whole  of  the  metal  was  converted  *  ?:!?'"1"?'^'' 


into  arfeniate  of  nickel ;  I  Uien  dropped  in  a  fufficient  quan-  tion  ia  nitric 
tky  of  nitrate  of  lead,  and  evaporated  the  liquor  al  ^^^7^^^^^^ 
gentle  heat,  but  not  quite  to  drynefs.    Alcohol  poured  into  added  i 


this  folution  precipitated  every  (alt  but  the  nitrate  of  nickel,  "•J'^y  ^^fe* 
which  had  been  formed  by  the  double  decompofition  of  the  ^^^  which 
arfeniate  of  nickel  and  the  nitrate  of  lead.     This  b  die  me-  diflblved  nitntt 
thod  which  I  ufed  in  the  analyfis  of  the  arfcniated  copper  ores  ^  ^' 

of  Cornwall ;  and  the  proportion  of  arfenic  acid,  (Contained  in 
arfeniate  of  lead,  was  the  fhmdard  to  which  I  referred  thofe 
ores  to  afcertain  their  relative  proportions.  Thefe  experi- 
ments were  publilhed  in  the  Philofophical  Tranfeflions -for 

rsoi. 

^  After  the  preceding  operations,  I  evaporated  the  alcohol  of  evap.  of  the  at- 
the  folution  of  nitrate  of  nickel,  redifTolved  the  metallic  fall  in  f***^*;  ^•'"^ 

•  ^  water  {  pre- 
water,  and  decompofed  it  by  potaih.    The  oxide,  well  waihed  cip.  bf  pouft| 

and  dried,  was  reduced  in  a  Heffian  crucible,  lined  with  lamp  *T^?!?J7*^ 
black;  and  in  that  flate  it  manifefted  flrong  magnetic  proper-yfrvM^Mtf^iMric^ 
ties.     None  of  the  procefTes  of  the  reagents  I  had  ufed  could  -Arienic  bSng 
have  communicated  iron  to  the  nickel.     I  tlien  alhiyed  this  ^^  mMoetk 
lame  nickel  with  a  fmall  proportion  of  arfenic  in  a  iimilar  cru-  property* 
cible,  and  found  that  it  had  lod  its  magnetic  property .  A  fmall  A  little  Iroa  did 
portion  of  iron  added  to  the  mafs  did  not  render  it  attradable.  ^^  "^^  *'^  . 
From  thefe  experiments,  often  repeated,  I  believe  that  arfenic 
has  the  power  of  concealing  the  magnetic  pro[5erty  of  nickel. 
Cobalt  appears  to  be  in  the  fame  cafe.     I  was  therefore  mif- 
taken  when  I  announced,  that  thofe  metals  were  not  in  them- 
•ielves  magnetic. 


XII.  Ok 
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On  thg  wnexpe^ed  Frodu£ti<m  qf  Sulphate  qf  Magnefia*     By 

J.  BosTocKj  M,  D* 

To  Mr.  NICHOLSON. 

SIIU 

Liverpool,  Nov.  18,  1802. 

1  FEEL  ibmewhat  doubtful  whether  the  fubjefl  of  the  fol-^ 
lowing  commtmication  may  appear  to  you  fufficiently  intcrefi- 
uig,  or  the  experiments  detailed  with  a  fufficient  degree  of  ac* 
curacy,  to  entitle  it  to  a  place  in  your  Journal.  I  have  how« 
ever  fent  it  for  your  infpedtion  ;  if  you  think  it  of  any  value^ 
it  is  completely  at  your  fervice. 

T  I  remain, 

your's,  &c. 

JOHN  BOSTOCK. 

Copious  ftline        ABOUT  two  years  ago,  a  houfc  was  ercfted  in  the  neigh- 

Aoeofakkk    Brook  Farm.     The  walls,  which  were  chiefly  condrufted  of 
^"'^  fione,  were  lined  with  bricks,  formed  of  clay  procured  from 

the  foundation.  Some  months  after  tlie  eredion  of  the  build- 
ing, a  large  part  of  the  bricks  were  covered  with  an  extremely 
copious,  faline  cfflorekcnce.  Mr.  Earle  felt  anxious  left  this 
peculiar  fubflancc  Ihould  prove  injurious  to  the  plainer,  with 
which  it  was  propofed  to  cover  the  walls,  and  was  defirous 
to  be  informed  relpocllng  its  nature,  Witli  this  intention  the 
following  experiments  were  perfonned. 
Analytic  experi-     I'he  fait  was  diffolvcd  in  water,  filtered,  and  gently  evapo- 

mcnti  to  deter-      j^j     it  cryftallized  with  difliculty,  and  the  cryftals  were  too 
mine  Its  nature. ,  ,'  ..., 

indeterminate  to  afcerlain  precifely  their  figure.     The  fait  thus 

purified   had  a  bitter,  acrid  tafle ;  it  neither  efflorcfccd  nor 

deliquefced  after  being  cxpofed  for  feveral  months  to  the  at- 

mofphere.     It  was  very  foluble  in  water  ;   100  grains  of  water 

at  the  temperature  of  55^,  dilfolved  nearly  50  grains  of  the 

fait ;  and  the  fame  weight  of  water  at  the  boiling  heat,  dif* 

folved  nearly  three  times  that  quantity. 

1.  To 
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1.  To  a  dram  of  the  aqueous  folution,  20  quarts  offolution 
of  the  muriate  ofbantes  were  added,  and  a  copious,  denfe, 
white  precipitate  was  infkantly  produced. 

2.  Equal  parts  or  the  aqueous  folution  and  lime-water, 
when  added  together,  formed  a  cloud  which  gradually  fub* 
iidcd. 

5.  Twenty  drops  of  pure  potafli  were  added  to  a  dram  of 
the  folution,  and  a  copious  precipitate  was  inflantly  produced. 

4.  To  a  dram  of  the  folution  were  added  two  drams  of  a 
iblution  of  the  carbonate  of  potafh,  a  flocculent  precipitate 
was  immediately  produced. 

5.  A  very  copious  precipitate  was  produced,  when  twenty 
drops  of  pure  ammonia  were  added  to  a  dram  of  the  folution. 

6.  The  oxalic  acid  produced  no  action  when  added  to  the 
folution. 

7.  Ten  drops  of  the  nitrate  of  (ilver  being  added  to  the 
aqueous  folution,  produced  fcarccly  any  effcft ;  a  (light  milki- 
nefs  only  was  perceptible  in  the  fluid. 

From  thefe  experiments'  the  nature  of  the  fait  is  fufficiently  ItwuluIpkAit 
evident;  the  action  of  the  muriate  of  bariles  proves  it  to  be  *  ^"""^f** 
fulphate,  and  the  experiments  with  lime  water  and  the  alca- 
lis,  (hew  that  the  falphuric  acid  is  united  to  magnc(ia.     From 
the  6th  experiment  we  find  that  it  contains  no  lime,  and  from' 
the  7th,  that  it  contains-only  a  very  minute  portion  of  muriatic 
acid.     It  appears  therefore  to  be  the  fulphate  of  magnefia,  or 
Epfom  fait,  in  almoft  a  perfe6t!y  pure  (late.     The  fulphate  of 
magnefia,  which  is  ufually  met  with  in  commerce,  contains  a 
confiderable  proportion  of  muriatic  acid ;  this  is  proved  by  the 
very  copious  precipitate  which  it  will  be  found  to  yield  upon 
4he  addition  of  the  nitrate  of  (liver.     To  the  muriatic  acid 
which  it  contains,  Bcrgmann  afcribes  the  tendency  which  the 
common  fulphate  of  magnefia  poffeffes,  of  attrading  moiduro 
from  the  atmofphere.  ^ 

The  refult  of  thefe  experiments  were  not  what  I  expeded ; 
I  imagined  that  the  efHorefcenccs  which  we  occafionally  ob- 
ferved  on  walls,  were  compofed  for  the  nxpfl  part  of  the  nitrate 
of  pota(b.  The  purity  of  the  fait  was  alfo  a  circumftance 
which  appeared  curious,  as  being  contrary  to  the  (late  in 
*  which  we  ufually  find  it.  The  moft  fingular  circumfiapce, 
however,  was  its  appearing  at  all  in  that  fituation. 

Vo^,  IIL^DicKMBSBj  1802.  U  Upon 
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The  lalt  wit  not  Vpbh  in  enmination  both  of  the  water  and  the  cbiy>  with 
dwof  die  v'^'ch  the  bridos  were  made,  there  are  but  feint  itidicatioiis  of 
brkkf .  tlie  exidence  of  this  falt^  at  the  fame  time  that  the  prefenctt  ef 

the  muriatic  acid  is  very  perceptible.     Is  it  poffibte  that  the 
muriatic  acid  may  have  been  diflipated  ddring  the  burning  of 
the  bricks,  and  the  fulphuric  generated  by  the  union  of  oxigen 
Coiiieftiire.       With  foihe  fnlphiireous  matter  exiting  in  the  coalu  P  I  fear  this 
Gonjedure  will  be  thought  extravagant,  but  at  prefent  I  fee 
none  which  is  more  probable. 
TUtioadent         jt  \g  neceflary  to  add,  thit  no  injury  to  the  plaifler  appean 
the  pisite.       ^  ^^®  arifen  from  the  prefence  of  this  fulphate  of  magheiia. 

-^    '-  II      I 

XIII. 

AbftruA  tf  a  Memoir  an  the  Dew,     By  Cir.  BsHBtiiicT 

Prevost  *. 

Wdl  koowa       yY  ^  known  that  a  elafs  veflTel  is  fometimes  covered  with 

fidb  oMfi  M^-  ^^^  ^^  ^^^  midft  of  a  veflel  of  iilvec,  which  at  the  fame  time 

tUiiUyytirinfit*  remains  dry ;  and  that  mercury  in  a  china  vclFvI  is  not  low* 

ndn^M  me-  ^^^  ^y  ^®  ^^^'  ^^^*^gh  the  edges  of  the  veflel  are  very  wet ; 

tali.  and  it  is  very  generally  concluded  from  various  experimenla 

of  this  kind,  that  glafs  is  a  fubflancc  upon  which  the  dew  is 

mod  plentifully  depoiltcd,  while  it  is  not  at  all  precipitated 

on  metals. 

Repetition  of  Cit.  Prcvofl  was  curious  to  repeat  thcfe  experiments,  which 

theexpcrineiits.  jj^  ^^^  ^^^  ^^  ^-^^  ^^  jj^^,^  ^^^^  ^^^^  ^-^j^  fufficient  care,  in 

order  to  determine  to  what  dt^ree  of  precifion  it  might  be  al- 
lowable to  fupport  the  ufual  concluHon.     In  this  repetition  ho 
obferves  fome  very  fingular  fafls,  of  wliich  wc  (hall  proceed 
to  give  tlic  general  refulls. 
pifet  of  metal         j.  Difcs  of  tinfoil,  of  gold,  of  filver,  of  copper,  &c.  being 
^KSf'^r^  applied  or  (kick  to  plates  of  glafsi  and  expofed  to  the  de%v, 
with  dew;  tfao*  were  often  found  to  be  no  Icf^s  charged  with  dew  tlian  the 
nwe  frequently     1^^^  itfelf  on  which  they  were  placed  ;  though  it  more  com* 
theglaiiwet.      monly  happens  that  they  remained  dry,  while  the  glals  was 
very  wet. 

•  Read  tbth^  Society  of  Sciences  and  Arcs  of  the  I)epaitmtntof 
Lot,  fitting  at  Montaftban,  Trtsllatecl  from  the  Annales  de 
CbijDif»  XLIV.  75. 

2.  In 
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2.  la  this  cafe  the  preferving  property  of  the  metal  fre-the  jetri  Ua^ 
quently  extends  to  a  confiderable  diAance  rounds  fo  that  (^^^^'^^[^^ 
the  midft  of  the  humidity,  there  is  conditated  a  zone  perfedly  plite  vMaliu 
dry  ami  ahnoft  always  well  terminated.    But  what  is  very 
remarkable  Is,  that  when  the  glafs  is  moidened  underneath, 

the  place  anfwering  to  the  metal  remains  dry;  fo  that  the«>dereioBitto 
influence  of  the  metal  ads  through  the  glafs  of  feveral  nulli-^^^J^^^ 
metres  (or  twentieths  of  an  inch)  in  Uiickne(s.     And  we  (hall 
foon  fee  that  it  extends  much  farther. 

3.  The  metal  does  not  in  this  cafe  a6t  as  a  (heRer  or  de-  Aa  aid  tlomi 
fence,  for  if  the  furfacc  be  covered  with  ghfs  nothing  psurticu-^  ^^  ^ 
lar  happens.  tSta  of  tfaa 

4.  Havmg  paftcd  (cofl^  againft  the  upper  part  of  a  pane  of  ^^JJ^.^  1^^ 

glafs  in  a  window  expofed  to  the  north,  and  on  the  inner  fur-  beiiif  paibd  oa 

&ce  a  metallic  reftangle ;  and  on  the  lower  part  of  the  fame  ^f*"  ?f ' 

o     '  Mr  vnndow  Within  t 

pane  externally  a  fimilar  redlangle,  the  author  obferved,  that  gaj  another m  a 
when  the  moiflure  was  condenfed  on  the  inner  furface,  as  <riffcrttit  P"* 
often  happens  in  winter,  the  inner  metal  fo  far  from  remaining  ta,e  condenCed* 
dry,  was  more  moiflened  than  the  glafs,  while  the  fiirlace^<b»feUnioft 
correfponding  with  the  external  metal  was  perfe^y  dry,  as  g,^^  ^^  ^^g^ 
well  as  a  fquare  of  feveral  lines  round  about.     It  was  however  on  tho  foifice 
remarked,  that  the  humidity  in  the  fquare  approached  much  Seoutoi*  * 
nearer  tlie  corners  of  the  metal  than  in  the  middle  of  the  fides 
of  the  re£langle. 

3.  In  the  fame  arrangement  if  the  humidity  was  depofited  on  nd  moiftate 
the  outfide  (by  cooling)  the  external  metal  remained  dry,  and ^xht\aShM^ 
the  place  correfpunding  with  tlie  internal  metal  was  on  the  oppofite  the  in- 
contrary  rather  wetter  than  the  reft  of  the  glafs.  SToom  2a  tha 

4.  When  the  humidity  was  formed  both  within  and  without,  outer  metal  j 

no  moifture  was  depoliled  either  upon  the  external  metal,  or  "°'*J*!*  **?. 

r       J     .     I  -.!.•  both  fide*did  not 

its  correfpondent  place  withm.  ^et  the  esternil 

7.  When  a  fmallcr  rectangle  was  pafted  on  the  outer  fur-"»«til|  or  its 
face  in  the  middle  of  the  place  correfponding  with  the  inte-  ^  ^^|  catnaal 
rior  re6langle,  and  humidity  was  depofited  internally,  the  in-netaloatkn 
terior  rectangle  was  not  entirely  wetted  as  it  woald  elfe  ^ve  J^^^^—J^^ 
been,  but   the  place  correfponding  with  the  fmall  external  the  internal  me* 
reaangle  remained  dry.  ?r?ieftt^ 

8.  If  upon  the  fmall  external  rc6langle  a  ditc  of  glafs  be  oppof.  metal. 

applied,  a  round  wet  fpot  is  formed  within  in  the  middle  of  ^  5***!^  ^}*'^ 
'  glafs  pUte  in  the 

the  dry  place  of  which  we  have  jufi  fpoken,  correfponding  to  middle  of  the 

the  place  occupied  externally  by  the  glafs.  external  metal, 

^  "  ^'    "  wrichin. 
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If  the  wfaolr^x-  9.  If  inflead  of  this  lafl  mentioned  fmall  difc,  a  glafs  of  the 
JJJJ^™^**  fame  iize  as  the  external  metallic  difc  be  applied  fo  as  exadly 
glifi,  Itt  tSi€t  to  cover  tliis  lad,  the  humidity  is  difcovered  over  the  whole 
•"^»-  of  the  interior  rediangle  in  the  fame  manner  as  if  the  glafc  were 

bare  on  the  outfide. 
Meti]  ttpon  thit     a.  If  upon  the  rectangle  of  glafs  there  be  applied  another 
revi^UlM^i^-    metallic  redangle,  no  humidity  is  again  produced  on  the  cor- 
h^,  refponding  interior  furface,  though  it  continues  to  be  formed 

on  the  fame  fide  on  the  reft  of  the  metal  and  glafs. 
Aaodier  glaft         b.  But  tlie  humidity  is  again  condonfed,  if  on  the  laft  ex- 
^^^^  ternal  metallic  re6tangle  tliere  be  applied  a  reclangle  of  glafs. 

Another  metal        c.  And  this  again  difappears^  or  ceafcs  to  be  produced,  by 
* '      "  the  application  of  a  third  metallic  leaf. 

.  d,  A  third  redbmgle  of  glafs  caufes  it  again  to  appear. 
«*  f>  S>  &c.  &c.  &c. 
This  alternatjoii      Neverthelefs  there  is  a  term  at  iii'hich  the  phenomenon  be* 
u  knuted*  comes  irregular ;  and  this  is  when  the  whole  thicknefs  of  the 

metallic  bafcs  and  plates  of  glafs  amounts  to  16  or  20  millime^ 
tres  (throe  quarters  of  an  inch). 

10.  Though  the  above  phenomena  clearly  prove  that  the 
metal  does  not  ad  as  a  defence  or  cover  in  tlie  production  of 
thefe  effefts,  the  author  proves  it  ftill  more  flrongly  in  tlie  fol- 
lowing manner. 
Gilt  paper  ope-       He  applies  to  a  pane  of  glafs  gilt  papers  of  the  fame  fize  and 
2?-  !j*  *JJ*"  figure,  fome  by  their  metallic  faces,  and  others  by  the  furfaces 
beotttfidei         which  are  uncovered,  all  the  other  circuml^ances  being  the 
otherwife  not.     fame.     Thofc  papers  only  of  which  the  melallic  furfaces  were 
cxpofed  to  the  air  produced  the  cficcts  of  metals,    and  the 
others  produced  no  cfiti<9.      This  experiment  repeated  with 
pieces  of  glafs  coated  willi  tin  foil  inftead  of  gilt  paper,  pro- 
duced the  fame  refults.  • 
Infide  metal  at  a      11.  If  in  the  infide  of  a  chamber,  and  parallel  to  one  of  the 
^^ncefirom  the  panes  of  glafs  in  a  window,  there  be  placed  a  dilb  of  metal  of 
deo&tion  on  the  ^^  ^^  feven centimetres  in  diameter  (two  inches  and  a  quarter) 
gbTsy  and  not     fo  that  it  fliall  be  fupportcd  only  by  the  middle,  and  the  fisice 
fhall  be  only  a  few  millimetres  (or  twenty-fifths  of  an  inch) 
diflant  from  tlie  glafs,  when  the  humidity  comes  on  witliin 
there  is  none  dcpofited  on  the  difc,  unlefs  it  be  extremely 
near,  but  on  the  oppofite  glais  it  is  depofited  in  much  greater 
quantity  than  any  where  elfc. 

12.  If 
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12.  If  infkad  of  this  difc  of  xnctal  a  difc  of  glafs  be  fuUli-  Gbft  inftari  of. 
tuted,  the  humidity  is  not  accumulated  oppofite  this  difc  any  ]^^  *""  ~  •^^ 
more  than  on  the  reft  of  the  glafs. 

13.. The  inverfe  phenomenon  takes  place  on  the  outer  fur-  Outfide,  tbeie- 

face  under  like  circiiinftances.  ^^  • 

14-.  If  the  metallic  difc  (of  fe6lion  II.)  be  varnifhed  on  theVtrnifli  on  the 

^de  whicJi  faces  the  interior  of  the  chamber,  the  phenomenon  ?"  *?^i. 

'  ^  from  the  ghft 

Llkcs  place  in  the  lame  manner.  hai  no  efic€t 

13.  If  the  fide  next  the  window  be  varniflied,  or  if  both  on  die  fide  next 
fides  be  varnithed,  the  phenomenon  does  not  take  place.  ^^  ***h'i^^ 

16.  Thefe  properties  of   the  metals   belong  alfo  to  other  Other  plates  m 
condudors  of  eicdlricity,  but  with  fome  modifications  accord- ^^  ■•  "****!<•  . 
ing  to  their  nature. 

17.  If  a  plate  of  metal  be  fubdituted  inflead  of  a  fquare  of  Metal  plate  in*-* 
glafs,  humidity  is  fometimes  produced,  but  always  much  lefs  5*^?|  ^* 
than  upon  glafs. 

18.  If  this  plate  of  metal  be  thin  and  flat,  and  a  difc  of  glafs  Pane  of  g1a6  oa 
be  faftcncd  to  it,  the  humidity  is  produced  in  preference*  or  *  P^**  °^  metal, 
more  abundantly  on  the  corrcfpunding  interior  furfacc. 

19.  All  thefe  phenomena  take  place  in  the  fame  manner,  or  The  (ame  pbe» 
nearlv  fo,  when  panes  of  glafs  fitted  up  with  the  metallic  difcs,  "*°*^'^  *"  *• 
or  apparatus  before  defcribed,  are  lupported  upon  Inert  pegs  the  ground  re- 
in the  middle  of  a  field  where  the  grafs  has  been  mowed  and  Pr^*?^*  ^*  . 
clipped  ;  in  thefe  circumfiances  the  upper  furface  of  the  glafs  the  upper  fpaoQ. 
r.prefcnts  the  outfide,  and  the  lower  the  infide  of  the  chamber.  ^  o*^'  •»'• 

20.  The  interior  humidity  may  be   excited  provided  the  Artificial  pro- 
weatlicr  be  rather  cold,  by  means  of  a  fiove,  or  by  fprinkling  |l"^'onof  dew 
%vator  on  a  red  iiot  body  ;  and  in  the4U>untry  during  dry  wea-and   u  ' 
ther,  the  fpaceon  which  the  glafiesriare.to  be  expofcd  may  be  ^on, 
lightly  watered  after  fun-fet. 

21.  If  dilFerent  liquids  fuch  as  water,    mercury,  alcohol.  Other  bodies 
oils,  arids,  &c    or  even  fmall  leaden  fliot  be  put  into  glafs  *^'^f  °*  "" 
veiTels  equal  and  alike  in  all  refpedls  to  the  half,  or  two  thirds 

of  their  height,  and  they  be  expofed  to  the  dew  out  of  a  win-  "v 

dow,  the  humidity  will  not  be  depofited  on  the  lower  part  of  *  . 

the  vefTel,  but  only  above  the  level  of  the  fubfiances  contained, 
and  at  a  difiance  which  varies  according  to  the  nature  of  thefe 
fubftances,  being  greater  for  mercury  than  for  water,  greater 
for  water  than  for  oil,  &c. 

22.  In  ail  thefe  phenomena  when  the  humidity  is  too  abun-  The  humidity 

dant>  the  refults  become  confufcd  and  uncertain,  "*°*  ^  mode- 

-.  MM     ratc# 

2  23.  The 
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Ojfllciilt  toftew     23.  The  author  made  fevcral  experiments  to  afcertaln  whe^ 

J3^^|^^"*"thcrfomc  of  the  metatls  might  not  be  better  adapted  to  the 

production  of  thefe  phenomena  than  others.      Having,    fojr 

example,  expofed  to  the  dew  plates  of  copper  gijt  and  lilvcred, 

and  plates  of  iilver  gilt  only  on  the  half  of  one  of  their  faces, 

he  obferved  nothing  decitive.     It  only  appeared  to  him,  that 

in  general  the  drops  were  formed  larger  on  the  white  metals. 

^ut  thefe  comparative  experiments  are  difficult  to  make  or 

accoufit  of  the  rea^iinefs  with  which  mod  of  the  metals  become 

pxided  in  moid  air ;  which  then  gives  more  or  lefs  of  the  pro* 

pe^ty  ofglajs. 

XKAbtocei  of        S-l-.  In  making  thefe  obfervations  Cit.  Prevofl  almofl  al- 

2^*^Iu^  V^y*  ^^P'  account  of  ihe  changes  produced  in  the  temperar 

lure,  or  the  difference  between  the  internal  and  external  tern- 

I 

pefature.  He  endeavoured  to  procure  thermometers  witl^ 
'flat  bulbs,  fufficiently  fenfible  to  point  out  the  difference  of 
temperature  of  the  two  (ides  of  the  glafs  at  the  fame  inAant, 
which  he  tl^inks  would  have  afforded  indru6live  refuks ;  but  he 
has  not  yet  fucceeded.  He  only  remarks  that  it  is  not  necef- 
fary  that  the  external  temperature  (liould,  as  is  commonly 
thought,  be  more  elevated  than  the  internal,  in  order  that  hu- 
midity (hould  be  formed  on  the  outfide  of  the  glafs,  b|it  that 
the  contrary  often  happens, 
Ftf^n*  25.  Thefe  refearchcs  may  be  carried  farther,  for  example, 

f**^*^»  by  making  iimilar  experiments  in  vacuo,  or  in  other  gates  as 

well  as  air,  and  by  employing  other  liquids  inftead  of  water. 

26.  In  order  to  reduce  the  prinqipal  fadls  contained  in  hh 
naemoir  to  a  fmall  number  of  propofition*;,  Cit.  PrevoA  gives 
the  name  of  the  armour  ofconiaft  to  a  metallic  leaf  applied  or 
glued  againft  the  glafs,  and  annour  qf'  dip  mice  to  that  wliich 
is  fpme  millimetres  off  from  it.     This  being  premlfed,  the  fol- 
lowing are  the  general  fa6ls : 
Oettttalftitf-         I.  When  a  partition  or  frame  of  glafs,  which  feparates  two 
snentof  the       great  maffes  of  air  at   unequal  temperatures,  is  armed  in  con- 
Armour  of  me-  tad  on  its  Karmfax. 

talon  the  warm  A.  If  humidity  be  depofited  on  this  face,  it  accumulates  on 
moiftM«  whe*.  ^^®  armour,  infbmuc  h  that  there  is  more  there  than  elfe where, 
thcr  without  or  B.  And  if  humidity  be  depofited  on  the  oppoiite  face,  or 
Within  J  ^^  ^^1^  j^^^  -^  accumulates  on  this  face  in  the  place  corre- 

fponding  with  the  armour,  ib  that  there  is  more  there  than 
elfewbere. 

C.  The 
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C.  The  fame  happens  when  the  armour  is  at  a  diftance ;  but  oa  tbe  gM  If 
then  if  the  humidity  be  depofitcd  on  the  warm  fide,  it  is  not  ^f^"^"'  ^ 
on  the  armour,  but  it  accumulates  oppofite  to  it  upon r  the 
glafs. 

II.  When  the  partition  is  armed  in  contad  with  the  cold  Armour  on  dbt 
ftce  cold  face  rtpda 

moiftureoa 

A.  If  humidity  be  depofiled  on  this  face.  It  is  not  on  ih^e  both  fides 
armour. 

B.  And  if  humidity  be  depofited  on  the  oppofite  face,  that 
13  to  fay,  the  warm  ^e,  there  is  none  on  the  correfpondei^t 
place  of  the  armour. 

C.  T\\e  lame  happens  when  the  armour  is  at  a  difianoe  on  if  at  t  ditect. 
the  cold  face.     But  then  if  the  humidity  be  depofited  on  this 

face,,  there  is  not  only  a  want  of  it  on  the  armour,  but  there  ^s 
Booe  on  that  fur^e  ofglafs  oppofite  the  armour. 

III.  A.  In  order  that  the  phenomena  fbould  ceafe  to  take  Glaft  or  vaiBUk 
place,  it  is  fufficient  that  the  armours  of  contad,  or  the  face  o^L^Mrfi^  ^* 
the  armours  of  difiance  oppofite  the  glafs,  (hould  be  coYjerad  mour. 

with  glafs  or  varnifh.     Nothing  remarkable  then  happeni, 
-  B.  If  this  glaik  or  varnifh  be  again  covered  with  mGtai,  Ijie  Alterationt  of 

phenomena  again  occur.  .   •'^  ^ 

C.  They  ceafe  if  tliis  metal  be  aga.in  covered  with  glafs. 
p.  They  begin,  &c. 

IV.  One  fingle  propofition  will  include  almofl  the  whole  ^f 
thefe  fads. 

JVIien  glafs  feparaies  txvo  maffes  of  air  qf  unequal  UmptrqiurM,  Gcacnl  fnftA 
the  armour  gives  it  (orjhtvis  to  give  it)  the  property  qfaccumU"  ^^^  ^*^ 
iaiing  or  repelling  humidity ^  according  wf  it  is  appUed  either  on 
the  warm  or  cold  face,  and  this  influence  extends  through  the  giqfi 
^uid  through  otjierfubftances,  to  the  diftances  ofjeveral  centhnctreu 

V.  Or  flill  more  fimply. 

Clafs  yjhichjeparates  tzvo  maffts  qfair  qf  unequal  tsmp^foturcf,  Umfk  nueni 
accumulates  (feenis  to  accumulate)  or  repeUs  hwfiidity,  qcct^rdatig^'i^^^ 
0S  it  is  qrmed  on  tJ^e  luinn  or  cold  face. 

EXPLANATION. 

I  ipiagitved  for  a  long  time,  fays  the  authpr,  that  thcfe  phe- 
nomena depended  on  eledricity,  but  they  may  be  explianed 
l^ery  naturally  jby  the  elective  attradipDS  which  are  ej^ercifed  at 
a  dtflance,  and  by  the  well  known  property  of  the  metaU  of 
J^img  jgQ|4,condu£U>rs  of  (^JjQris* 

»ASIS 
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BASES  OF  THE  EXPLANATION. 

ff 

leneral  Wet  1 .  The  left  the  temperature  qfglqft  i$  elevated,  the  more  ImmU 

»r«pltinbg     ^^^  ^^  attra^s/rom  the  air. 

2.  Metals  attraSt  it  very  little, 

3.  Glajijenfibfy  exercifes  itsaBionan  the  hunitdiiy  qfair,  at  a 
diftance,  and  noixiithftanding  the  interpofition  cf  different  bodiet, 
Juch  Of  plates  of  metal,  &c. 

4;  Metah  give  to  lafi,  near  which  tfiey  are  placed,  the  property 
nfmore  Jpeedily  attraSling  caloric  from  hot  air,  and  on  the  coii- 
trary,  that  of  yielding  it  morefpeedily  to  cold  air. 

N,  B.  When  I  fay  that  metals  give  glafs  this  property,  I 

mean  that  they  a6l  as  tf  they  gave  it  them ;  which  is  evidtiit  by 

ah  examination  of  two  thermometers,  one  of  mercury  the  other 

of  alcohol,  which  are  plunged  at  the  fame  time  in  air  either 

colder  or  warmer  than  that  whofe  temperature  they  indicate. 

The  metalh'c  thermometer  arrives  much  fooner  than  the  other 

•  to  that  of  the  new  medium.     Its  glafs  then,  if  colder,  rouft 

take  up  more  fpeedily  from  tlie  medium  the  caloric  which  it 

'    tranfmits  to  the  roeta],  or,  if  hotter,  it  muA  more  fpeedily  give 

out  that  of  the  metal. 

LonttJu.  The  firft  bafis  has  been  long  eftabliflied. 

The  fecond  and  third  are  proved  by  the  17th  and  1 8th  fee* 
tions  of  the  extrad. 

The  laft  is  a  neccflary  confequence  of  the  condufling  pro- 
perty of  metals. 

This  being  premifed,  it  is  eafy  to  comprehend  that, 
lie  laws  ap-  A.  When  the  glafs  is  armed  on  its  warm  face  (§  27,  1ft, 

ll^he^i^**.  A.  B.  and  C.)  it  yields  its  caloric  to  the  cold  air  more  fpee- 
dily than  that  which  is  not  armed  (bafis  i),  and  confequently 
itattradls  humidity  more  powerFully  (bafis  1),  whether  dire^ly 
on  the  glafs,  or  through  the  metal,  or  on  the  metal  itfelf  (bafis 
d),  if  this  be  in  conta6l ;  but  if  it  be  at  the  diflance  of  fome 
millimetres,  the  humidity  not  meeting  the  metal  on  its  paffage, 
accumulates  on  the  oppofite  glafs  in  a  greater  quantity  than 
el  fe  where. 

B.  If  the  metal  be  applied  on  the  cold  fide  (§  27,  IL  A. 
and  B.)  the  glafs  mofl  heated  doe^  not  attra^  fo  much  humi- 
dity (bafts  4"  and  1 ),  and  it  accumulates  on  the  unarmed  part  of 
the  pane. 

C.  If,  in  this  cafe,  the  armour  be  covered  with  aplateof  glaR> 
the  plate  cools  more  fpeedily  tlian  if  the  metal  were  not  pre^ 

fent ; 
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fent ;  but  as  the  partition  is  more  heated  than  if  it  were  not 
prefent,  there  is  no  effe^,  and  the  totality  of  the  double  glafs 
armed  within,  is  in  the  fame  cafe  with  that  unarmed;  it  there- 
fore accumulates  neither  more  nor  Icfs  humidity. 

A  fecond  armour  on  the  plate  of  glafs  will  caufc  the  pheno- 
mena to  re-appear  ;  a  fecond  plate  of  glafs  on  this  new  armour 
*  will  again  make  it  difappear,  &c.  For  as  long  as  the  fymmc- 
trrcal  glafs  fhall  have  the  interior  armours,  the  caofes  of  heat 
and  cold  will  be  found  in  equilibrio;  but  an  additional  armour 
will  ncceflfarily  deftroy  the  balance,  and  the  heated  glafs  will 
not  attra6t  humidity;  which  explains  the  fafts  of  §  27.  Ill* 
A.  B.  C.  D.  &c. 

D.  If  the  glafs  be  armed  on  both  fides  (§  7)>  as  it  would  not 
then  be  expo  fed  (o  the  air,  either  on  the  cold  or  warm  fide, 
it  feems  that  it  ought  to  attrad  as  much  humidity  on  the  ar- 
mours as  on  the  red  of  the  partition.  But  though  the  glafs  ex- 
ercifes  its  a^ion  through  the  metal,  this  is  neverthelefs  an  ob- 
ilacle  which  diminidics  its  force ;  humidity  in  this  cafe  will  not 
then  be  fo  ilrongly  attrafled  by  the  doubly  armed  glafs  as  by 
the  part  perfectly  unarmed,  &c. 

CONCLUSION. 

Thefe  obfcrvations  are  not  only  interefling,  but  they  appear  Conckifioa, 
(o  edablifh  an  important  point  in  philofophy ;  namely,  that 
glajs  exercijhs  its  attraRion  for  the  humiditt/  (uhich  has  a  tendency 
to  be  depofited  from  the  air)  through  metals.     Sec  like  wife  §  § 
19  and  26  for  the  generalization  of  this  propofilion. 

EXPLANATION  OF  THE  FIGURES. 

Fig.  1,  Plate  XV.  relates  to  Art.  4  of  the  abftradt.     A  iaEKptinitkmflJ 
the  interior  re6^angle  more  deeply  fliaded  than  the  reft  of  the    *  "•""•• 
fquare,  which  (ignifics  that  it  is  more  moidened.     B  is  tlie 
place  correfponding  to  the  exterior  rectangle,  with  its  furround- 
ing  part  reprefented  white,  becaufe  dry. 

Fig.  2  relates  to  §  §  7  and  8. 

Fig.  3,  4,  5,  6,  7,  relate  to  Art.  7  and  9.  I  c  fignifies 
interior  fide  hot;  E  f,  exterior  fide  cM,  The  lines  more  deeply 
ihaded  reprefent  the  fe6tion  of  the  metallic  leaves ;  the  white 
lines  reprefent  the  fe6tion  of  the  glafs,  and  the  dotted  (hadei 
reprefent  drops  of  dew  or  moifture. 

Fig*  8  relates  to  Art.  1 1  • 
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AhfiraB  qf  the  late  ExperimenU  qf  Profejfor  Aldiki  o»  ' 

Gatvauifm, 

CalTaricerpcri-M,  ALDINI,  ProfefTor  at  the  Inftitutc  of  Bologna,  and  ne- 
phew  of  the  celebrated  Galvani,  after  having  made  his  expe- 
riments at  the  National  Inditute  of  France,  has  vifited  London, 
and  given  an  accurate  account  of  his  experiments  and  dUco- 
▼eries  to  the  Ro^al  Society,  before  whom  the  fame  was  read 
on  the  23th  lad.     I  have  the  pleafure  to  communicate  fpxne 
of  the  principal  fafls  which  he  has  had  the  goodnefs  to  commu- 
nicate to  me,  which  appear  calculated  to  throw  ^uch  light  on 
fome  of  the  mod  difficult  phenomena  of  nature, 
flic  theory  that     Various  philofophers  have  confidered  the  metals  as  not  ab- 
J^"jJ*j^fJ"folutely  neceflary  for  the  produdion  of  galvanifm,  and  Mr 
loalt,  Davy  has  proved  it  in  the  pile :  It  has  alfo  been  indiftindly 

apprehended  or  conjedtured  in  the  way  of  theory,  that  the  gal- 
vanic or  electric  matter  was  excited,  colleded,  or  gdnerated  in 
the  bodies  of  animals,  where  it  was  confidcred  as  the  great 
c;iafe  or  inflrument  of  mufcular  motion,  fcnfation,  and  other 
▼erUMky  AI«>  efieds  highly  intcreding,  but  very  little  underflood.  ProfefTor 
^U  Aldini  has  the  diflinguiflied  merit  of  having  placed  this  propo<r 

fition  in  the  rank  of  eflabliflied  truths.     He  has  fucceeded  in 
exciting  mufcular  contradions  by  the  flmple  application  of  the 
nerves  to  the  nuifcles  of  a  prepared  frog,  without  the  leafl  fuf- 
hy  fabftitutfng    picion  of  any  ftimulusarifing  from  contact.     He  has  alfo  given 
ptrtofan  ani-    motion  to  the  limbs  of  a  fmall  cold  blooded  animal  by  the  gal- 
Semeirflic pile.  ^^^^^  energy  of  an  animal  with  warm  blood ;  an  experunent 
The  head  of  an  never  before  imagined.     He  takes  the  head  of  an  ox  recently 
ox  conyuifes       ^^^  ^jp^  ^^j^^j  applying  the  finger  of  one  hand  wetted  with  fait 
water  to  tlie  fpinal  marrow,  he  holds  in  the  other  hand  the 
inufclc  of  a  frog  prepared  (tliat  is  by  difleAion)  in  fuch  a  di- 
redtlon  that  its  crural  nerves  Oinll  touch  the  cervical  mufcles 
ton  .th?  tongue  of  the  ox.     Every  time  of  this  conta6t  ftrong 
epiHca^ions  are  produced  in  tlie  frog.     If  a  diaiu  of  ievaral 
pAfto^a  be  formed  holding  hands,  the  fame  efte£t  takes  place ; 
j^i  ihe  contacts  do  not  produce  any  cffdSk  if  the  chain  of  con- 
nection be  broken  or  interrupted.    Hcie  then  we  have  the  ta/od 
decided  fubditution  of  tiie  organizpd  auixnai  fyfiefn  in  the  place 
.4  of 
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ef  ^e  metallic  pile :  it  is  an  animal  pile;  and  the  prodadlion 
of  the  galvanic  fluid,  or  ele^ricity,  by  the  dired  or  indepen* 
dent  energy  of  life  in  animals,  can  no  longer  be  doubled. 

The  Profeflbr  has  lately  repeated  the  feries  of  thefe  expcri- Thefe  experi- 
ments at  Oxford,  and  (hewed  in  the  prefence  of  Doctors  Pegg  jJJ^OxSS?^ 
jand  Bancroft,  that  the  nerves  of  a  prepared  frog,  difpofed  in 
the  manner  here  dated,  approach  very  feniibly  to  the  roufcles 
of  the  warm-blooded  animal,  and  exhibit  a  real  attra^ion  hU  Mmst  gttrwc" 
therto  unknown  in  natural  philofophy  and  phyfiology.     He  **** 
invites  philofophers  to  vary  and  repeat  this   phenomenon, 
which  has  been  confirmed  by  different .  philofophers,  particn- 
lariy  by  the  celebrated  Felice  Fontana  of  Florence.  Galvanifm  veriitd. 
bj  thefe  fads,  is  (hewn  to  be  animal  eledtricity,  not  merely 
paffive,  but  mod  probably  performing  the  mod  important  func- 
tions in  the  animal  economy.     This  power  appears  not  to  be 
confined  in  its  operation  to  the  motion  of  the  mufcles,  but  alfo  *  ^ 

appears  to  be  of  importance  in  the  fecretions.  Aldini  has  given  Oalvattini  m- 
iljrength  to  this  conjeflure,  by  fubjefting  tlie  urine  to  the  power  "^^f  "*  **  ^ 
of  the  artificial  galvanic  dream,  and  he  found  it  produdive  of  a 
feparation  of  the  principal  combined  parts  of  that  fluid,' which 
were  confidered  as  of  much  importance  by  the  celebrated  Pro- 
fefTors  Senebier  and  Jurine,  of  Geneva, 

A  very  ample  feries  of  experiments  were  made  by  Profeflbr 
A.  which  (hew  the  eminent  and  fuperior  power  of  galvanifm 
beyond  any  other  dimulant  in  nature.     In  tha  months  of  Janu-  Aftonifhiiig  ef<». 
ary  and  February  lad,  he  had  the  courage  to  apply  it  at  Bo- J5^^"  **»»«« 
logna  to  the  bodies  of  various  criminals  who  had  fuffered  death 
at  that  place,  and  by  means  of  the  pile  he  excited  the  remain- 
ing vital  forces  in  a  mod  adonifliing  manner.     This  dimulus  Contortioni  of 
produced  the  mod  horrible  contortions  and  grimaces  by  the^^™"^^**** 
notions  of  the  mufcles  of  the  head  and  face ;  and  an  hour  and 
a  quarter  after  death,  the  arm  of  one  of  the  decollated  bodies  the  vm  liftid 
was  elevated  eight  inches  from  the  table  on  which  it  was  fup-  "P*       ^ 
ported,  and  this  even  when  a  confiderable  weight  was  placed 
in  the  hand.     Thefe  experiments  have  fince  been  confirmed 
in  various  parts  of  Italy,  particularly  at  Tarin,  by  Profeffors 
Giulio,  Vaffali,  and  Rofli. 

Thefe  are  not  experiments  of  pure  curioflty,  but  offer  very  Thefe  exper!« 
encouraging  profpe6ts  for  the  benefit  of  mankind,  in  diforders  n»cnti  promife^ 

of  the  bi^,  and  in  apoplexies.  Profeffor  Aldini  means  to  apply  the  cure  of  dif- ' 

partordeit* 
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partof  his  time  in  London,  in  cnmmunicaling  tiiefc  importaiil  ^ 
fubjeds  of  information  to  phyficians,  as  he  has  already  done-ms-j^ 
Paris  in  which  place  he, made  fome  applications  ot^'his  difcajr   *ii 
veries,  chiefly  at  the  Hofpital  dc  Salpe^iieK;  iip  tj^jnipftny-^wrffh     . 
Do6)or  Pinel*.     The  application  of.galvafiifni  in  ifK-l^richoIic    '•.. 
InlaiiTty cared,   infanity  is  abfolutcly  new,  andof  great  interefl>     He  perfefliy      r 
cured  two  patients  at  Bologna  of  tliis  difordcr;  and  on  that, 
account  lie  is  more  defirous  of  reconuncnding  the  tilal  in  an 
ftfHiclion  fo  diftreliing,  againfl  wiilch  tliu  prcfent  (yflum  of 
phyiic  has  fo  little  to  offer, 
ilpoplexy*  It  appears  -to  be  equally  promifing  in  cafes  of  apoplexy. 

Jtccorerjr  of  the  Aldini  thinks  it  may  be  highly  ufcful  in  recovering  drowned 
^'^'^'^^  pcrfons,  and  on  that  account  he  is  dclirous  of  communicating 

with  the  Society  ellabliflicd  at  London  for  the  recovery  of 
thefe  unfortunate  individuals.     An  experiment  lately  made  at 
Refpiratiofi        Pari^  add^  much  to  his  expectations.     At  the  Hofpital  de  la 
J!r"5lttifa^  Charity  he  (hewed  the  pupils,  that  galvanifm  applied  to  the 
trunk  of  a  dog,    to  ihc  fpinal  marrow,  and  the  inleftincs, 
caufed  the  lungs  to  adl  in  fuch  a  manner  that  the  air  that  iffued 
from  the  afpcra  arteria  twice  in  fucccilion,  cxtinguiflicd  a  large 
candle  placed  oppofite.     Now,  as  in  moil  cafes  little  more  is 
required  in  drowned  fubje6ts,  than  to  fct  the  organs  of  rcfpira* 
tion  into  action,  it  is  to  be  prefumcd  that  the  adliou  of  galvan- 
pitcantSoos.       ifm  may  be  of  the  higheft  utility  in  thefe  cafes.     Many  precau- 
tions are  neceflary  to  be  ufed  in  tlie  adminiilration  of  this 
powerful  remedy  in  lunacy  or  apoplexy,  which  will  be  de- 
Profeflfor  Aldini  tailed  in  a  large  work  which  ProfcfTor  Aldini  intends  topubliAi 
intends  to  pub-    j^  this  country  before  his  return  to  Italy.     In  the  mean  lime 
lipiiurgewor  '  ^j^^  j.^^j^|.  ^jj]  cioubllefs  receive  fatisfaflion  from  this  fliort 
notice  he  has  enabled  me  to  give  of  his  labours  on  a  fubjedl 
which  promifes  greatly  to  extend  the  limits  of  natural  fcience, 
and  may  be  reafonably  cxpe6led  to  add  to  the  powers  which 
man  is  enabled  to  exert  for  his  own  benefit  over  the  numerous 
beings  around  him. 

*  Wbofe  Trtatifit/ur  la  hlanie  is  well  known  in  this  country. 
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"^^Examenj  ifc"  Chemical  ExamimUionqf  a  New  Gas,  compojbd 
■;■  ^ytfHidftdm,  Car^pn,  and  Phofplionu.    By  J.  B.  Tromms- 

Mr.  Troirimfdorff  obtained  this .  gas  daring  the  decompoii-  A  new  gas  br 
.-/J^On-fif  phofphoric  acid  by  ignited  charcoal.     In  its  common  Trommfrtn^^. 
;;>  .fiate  it  is  mixed  with  carbonic  acid,  which  may  be  feparated 
' '  ^m  4t  by  agitation  in  lime  water. 

Tiic  new  gas  is  nearly  of  the  fame  fpecific  gravity  as  com- 
mon air  ;  it  is  infolublc  in- water.' and  undergoes  no  change 
v^'hcn  mixed  with  oxigen,  at  common  temperatures ;  but  it 
detonates  with  that  aeril'orm  tluid  1^'the-a^on  of  heat.  It  is 
poflefled  of  no  agency  upon  the  folutions  of  metallic  oxides 
which  are  not  retiiicihie  by  heat,  but  it  decompofcs  the  fluid 
faline  compounds  containing  gold,  iilver,  or  mercury.  Dur- 
ing its  conibuilion  wiih  oxigen^  water,  phofphoric  acid,  and 
carbonic  acid  arc  formed,  and  hence  Mr.  TrommfdorflT  is  in- 
clined to  conclude  that  it  is  a  triple  compound  of  phofphorus, 
hidrogen,  and  caibon  ;  and  he  propofes  to  call  it  by  a  name, 
which  may  be  tranihitcd  by  the  term  of  phofphorated  carbo- 
. stated  hidrogen  gas. 

A  part  only  ol  the  memoir  from  which  this  account  is  taken 
is  as  yet  publifiifxl.  Concerning  the  adion  of  the  new  gas 
upon  metallic  folutions,  and  other  ph.enomena  prefented  by  it, 
the  learned  aiitljor  i)romi(e:i  to  enter  upon  fome  additional  de- 
tails. Without  williii^g  to  anticipate  any  of  his  rcafoning  up- 
on the  fubjecl ;  with  the  limple  hope  of  throwing  out  a  hint 
for  future  difcufTions,  wc  Ihall  venture  a  general  obfervation 
or  two  in  relation  to  it. 

If  hidrogen  c^ilts  in  iho  gas,  it  mull  apparently  arife  from 
the  decompofition  of  water  contained  by  the  concrete  acid  or 
the  charcoal ;  for,  as  would  appear  probable  from  the  experi- 
ments oi  Delbrmes  and  Clement,  well  burnt  charcoal  con- 
tains no  afcertainablc  quantity  of  combined  hidrogen.  By  fe- 
parately  igniting  the  phofphoric  acid  and  the  charcoal,  before 
'  they  were  made  to  ad  on  each  other,  the  water  contained  by 
them  would  be  driven  oft*;  and,  under  fuch  circumllances,  it 
•would  be  curious  to  afccrtain  if  tlic  gas  of  Mr.  Trommsdorif 
would  be  produced. 

^  As 
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As  phofphonis  had  a  very  ftrong  affinity  for  oxigen, 
fl)ouId  be  difpofed^  a  priori,  to  conclude,  in  reafoning  apon 
the  fadi  lateljT  difcovered  concerning  the  gafeoos  oxide  of 
carbon,  (hat  this  faUlAnce  would  be  formed  and  evolved  with 
the  carbonic  acid  in  the  procefs  of  tlie  decompoiition  of  phof- 
pboftc  acid  by  diarcoal.  Is  it  not  poffible  that  the  new  gas 
may  be  a  mixture  of  a  triple  compound  of  carbon,  phofpbonit^ 
and  oxigcn^  with  carbonated  hidrogen  produced  from  the  de* 
compofition  of  water  united  to  tlie  primary  ingredientif 
There  is  nothing  in  the  experiments  detailed  in  the  memoir 
which  militates  againft  this  fuppofition,  and  it  might  be  fab* 
mitted  to  the  proof  of  a  new  experiment  at  the  fame  tone 
with  the  theory  of  the  author. 


Notice  concerning  certain  peculiar  Habits  ^  tfte  Sltark  and  Pih^ 
Fijh,  by  Geofkroy,   Frf}ft£oT  at  the  Mufeum  qf  Nahtred 
Hijtory, 

Isterefting  nir-  IT  is  atferted,  that  the  (hark  has  brought  under  his  com* 
and  pilot  fiflu  niand,  a  very  fmall  fifli  of  the  fpecies  of  the  gadus,  that  this 
latter  fiih  precedes  its  mafler  in  its  progrefs,  that  it  points  out 
thole  parts  of  the  fca  which  mofl  abound  in  ii(h,  and  the  me- 
thod of  obtaining  the  prey  of  which  he  is  moft  greedy ;  and 
that  the  (hark,  ^otwlthdanding  its  extreme  voracity,  in  ac- 
knowledgment for  thefe  (igna!  ferviccs,  lives  on  good  terms 
with  this  ufefttl  companion.  Naturalifls,  who  are  always 
guarded  againft  the  exaggerations  of  travellers,  and  not  being 
able  to  account  for  fuch  an  affbciation,  have  doubtfully  re- 
jefted  thele  fa6l^.  It  will  be  feeii  that  they  are  wrong  in  fo 
doing :  the  obfcrvations  which  I  have  made  are  accompanied 
by  cifcumftances,  which  perhaps  were  never  prefented  to  any 
one  but  myfelf  in  fo  detailed  a  manner. 

The  6ih  Prairial  in  the  year  o,  I  was  on  board  the  frigate 
Akt^fte  between  Cape  Bon  and  the  Ifland  of  Malta.  The  fea 
was  calm :  the.  palfcngers  were  tired  with  its  long  duration, 
when  their  attention  was  arreted  by  a  (liark  which  they  per- 
ceived approaching  the  veflcl.  Il  was  preceded  by  pilot  fifli, 
who  wef%  nearly  at  the  fame  diflance  from  one  another  as  they 

wer^. 
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"^^6  from  the  fharfc :  the  pilot  filh  approached  the  poop  6f  I«tm«af  na 
the  veflel,  they  examined  it  twice  from  one  end  to  the  other»  ,„j^  ^^  g^ 
and  being  fatisfied  that  there  wfts  nothing  there  fo  aiifwer  their 
j^arpofe,  they  continued  the  courfe  they  had  formerly  held. 
During  thefe  different  movements,  the  ihark  never  Io(l  fight 
of  them,  or  rather  he  followed  them  fo  exadly,  that  it  feemed 
if  if  he  had  been  drawn  along. 

As  foon  as  they  were  difcovered,  a  fsulor -immediately  pre- 
pared a  large  filh  hook,  which  he  batted  with  pork  ;  but  the 
fliark  and  his  companions,  by  the  time  the  fifher  had  got  teady^ 
Were  at  the  diftance  of  20  or  25  metres ;  he  neverthelefs 
threw  his  bait  into  the  fea.  The  noife  occafioned  by  the  fall 
was  heard  at  a  di (lance.  The  fifh  wereaftoniflied  and  flopped 
their  courfe ;  the  pilots  immediately  turned,  and  prepared 
again  to  examine  the  poop  of  the  veiTeL  The  (hark,  during 
their  abfence,  amufed  himfeif  in  a  thoufand  different  ways  at 
the  furfac^  of  the  water  :  he  turned  on  his  back,  then  on  his 
belly,  dived  into  the  fea,  but  always  appeared  again  in  the 
fame  place.  The  pilots  having  arrived  at  the  poop  of  the 
Jtcefie,  paded  near  the  pork,  and  as  foon  as  they  perceived 
it,  they  returned  to  the  (hafk  with  greater  fwifitnefs  than 
when  they  left  htm.  When  they  had  reached  him,  he  beganf 
his  courfe  :  the  pilots  fwimmingone  on  his  right  and  the  other 
on  his  left,  exerted  themfelves  to  keep  before  him ;  they  with 
difficulty  did  fo,  and  returned  a  fecond  time  to  the  poop  of  the 
.veffel ;  the  (hark  followed  them,  and  owing  to  the  fagactty 
of  his  companions,  perceived  the  prey  that  was  deflined  for 
kia. 

It  has  been  faid  that  tlie  (hark  has  a  very  powerful  fmell :  j( 
I  paid  much  attention  to  what  paffcd  when  he  was  near  the 
pork  :  it  feemed  to  me  that  he  did  not  perceive  it  till  the  very 
moment  that  his  guides,  as  it  were,  pointed  it  out  to  him ;  he 
did  not  till  then  fwim  with  greater  fwiflnefs,  or  rather  make  a 
fpring  to  fcize  it.  He  firll  feised  a  portion  without  being 
hooked ;  but  at  the  fecond  attempt  the  hook  pierced  the  lei\ 
lip  :  he  was  hoifled  on  board. 

At  the  expiration  of*  two  hours,  during  which  I  was  occu- 
pied in  the  anatomy  of  this  fqualus,  I  began  to  regr.:  that  I 
iiad  not  more  nearly  examined  this  fpecies,  which  fo  willingly 
confecrates  itfelf  to  the  fervic«  of  th^  fhark :  I  ^ras  affured 

that 
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that  I  might  eafily  do  it,  as  it  was  certain  that  they  had  not 
quitted  the  neighbourhood  of  the  veflfel^'and  fome  moments 
after  they  pointed  one  out  to  me,  which  I  perceived  was  of 
the  fpecies  of  pilot  fifli  of  the  fatlors,  and  of  the  gq^rojtau 
duQor  of  naturaiifts. 

It  would  doubtleft  be  curious  to  examine  what  interefls  caa 
induce  animals  fo  diifcrent  in  their  organization,  their  (izc  and 
Iiabits  to  form  fu^an  intercourfc*  Does  the  pilot  li(h  feed  on 
the  dung  of  the  (hark  as  Cit.  Bofc  hai  fuppofed ;  or  does  it 
impofe  on  itfelf  the  painful  duties  of  fcrvilude,  in  order  to 
iind  protedlion  and  fafcly  in  the  company  of  fo  voracious  a 
ipocics. 


tnies* 


Notice  of  a  New  Afetal,  by  Prqfirjfor  Proust. 

w  netol  Profeflbr  Proufl,  in  a  letter  to  Dr.  Dclametherie,  promiies 

to  fend  an  account  of  a  new  metal  he  has  lately  di  (covered  in 
an  ore  from  Hungary.  He  is  not  yet  acquainted  with  itsmetal- 
h'c  afped,  he  is  appreheniivc  it  will  not  be  eadly  reduced,  from 
its  retaining  oxigen  with  confiderabic  avidity,  and  like  many 
other  metals,  it  is  fufccptible  of  two  degrees  of  oxidation :  the 
ibiutions  of  its  oxide  at  maximum  is  yellow,  green  at  the  mi- 
nimum, when  in  thefc  two  dates  it  colours  glafs ;  laflly,  it 
may  be  ranked  in  tae  clal's  of  thofe  mctuls  which  retain  oxigen 
againd  fulphuratcd  hidrogen.  He  has  purified  it  by  tlie  fame 
gleans  he  employed  with  nickel,  cobalt,  iron,  manganefe. 

J.  dc  Phf(f.  Vcndcmaire,  an  11, 
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PREFACE. 


On 


"N  the  Completion  of  this  fourth  Volume  I  have  the 
L  pleasure  to  give  the  Names  of  the  Author?  and  List  of  En- 
[■  pavings. 

The  Authors  of  original  Papers  are  John  Gough,  Esq.  j 
N.N. ;  J.  Fletcher,  Esq. ;  Ez.  Walker,  Esq.;  J.  Harriott, 
Esq. ;  Mr,  W.  Wilson ;  Dr.  Priestley,  F.  B.  S.  Sec;  Tho- 
mas Young,  M.  D.F.  R.S.&c.;Mr.Benj.Hooke;W.N.j 
John  Bostock,  M.  D. ;  G.  C. ;  R.  B.;  The  Rev.  Wm. 
Gregor ;  Mr.  Wm.  Henry  ;  Z. ;  II;  and  Lavijson  Huddlc- 
ston,  Esq. — Of  foreign  Works,  G,  Dalarive ;  Rochon ; 
Guiton;  Cadet;  Gall;  Bojamcs;  Klaproth ;  Jumilhac; 
Saint  Victor;  J.  B.  Berard ;  L.  Reynier;  Proust  j  and 
Fourcroy. — And  of  English  Memoirs  abridged  or  extracted, 
R.  Chenevix,  Esq.  F.  R.  S. ;  H.  Davy,  Esq.;  S.  Tennant, 
Esq.  F.  R.  S. ;  Mr.  J.  Dalton;  W.  H.  Wollaston,  M.  D. 
F.  R.  S. ;  W.  Herschel,  L.  L.  D.  F.  R.  S. ;  R.  Kirwan, 
L.  L.  D.  F.  R.  S. ;  and  M.  des  Lozleres. 

Of  the  Engravings  the  Subjects  are,  1.  A  new  sliding 
Stop  for  Air-Pumps  and  other  Uses.  2.  A  simple  and  se- 
cure Metallic  Joint  for  Tuhes.  S.  Mr.  Harriott's  Syphon 
Engine  for  raising  and  lowering  Weights.  4.  New  Method 
of  measuring  the  Action  of  Bodies  in  refracting  Ught, 
whether  they  be  transparent  or  opake;  by  Dr.  Wollafton. 
5.  Mr.  Hooke's  Blow  Pipe  by  Alcohol.  6.  The  Harmonic 
Sliders  of  Dr.Young.  7.  A  strong  and  flexible  Joint  for  Tubes. 

8.  Dr. 
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8.  Dr.  Wollaston'8  Figures  to  explain  the  oblique  RefbctioQ 
of  Iceland  Crystal.  9.  Mr.  Dalton's  Sketches  of  the  Rivers 
of  England  and  Wales,  and  the  Districts  which  supply  them 
ipeith  Water.  10.  Figure  to  illustrate  Mr.  Gough's  Theory 
of  sonorous  Undulation.  11.  The  Craniognomic  System 
of  Dr.  Gall.  12.  An  Instrument  for  extracting  hard  Bodies 
out  of  the  (Esophagus.  13.  A  new  Reflecting  Quadrant 
by  Mr.  Ez.  Walker.  14.  Mr.  Huddlestone's  Method  of 
floating  Boats  from  one  Level  to  another^  without  Lofs  of 
Water.  15.  Engine  for  blowing  up  the  Stumps  ofTrecs^ 
by  Cit.  Saint  Victor ;  and  16.  Two  Drawings  of  a  Magazine 
I%to],  which  discharges  Nine  Balls  in  Succession,  by  once 
loading. 
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ARTICLE    L 

On  the  Nature  qf  the  Grave  Harmonics »    In  a  LetUrfrom 

Mr.  John  Gough. 


To  Mr.  NICHOLSON. 
SIR, 


O. 


^UR  fenfe  of  time  arifes,  as  Mr.  Locke  juffly  obferves^Tinieltarpe- 
from  the  conftant  fucceffion  of  ideas  in  the  loind  ;  or  to  fpeak  J^de^iS^'^* 
perhaps  in  more  intelligible  langaage,  it  is  the  refalt  of  the  pvtt  tuive  the 
attention  being  occupied  by  an  uninterrupted  train  of  change-  IwWtode  ttfnti^ 
able  perceptions.   Time  is  on  this  account,  capable  of  increafe 
and  diminution ;  it  is  therefore  a  fpecies  of  the  abftrad  term. 
Magnitude ;  in  confequence  of  which,  the  parts  of  it  poflefs  all 
the  properties  contained  in  the  abftra£t  term.  Ratio,  and  are 
proper  objeds  of  the  do^ine  of  proportion.     A  great  variety 
of  proportion  takes  place  amongft  the  conftituent  parts  of  com* 
pound  beings  of  the  fame  denomination,  and  gives  birth  to  a 
dafs  of  phenomena  in  the  philofophy  of  the  human  underftand- 
ing ;  which  can  only  be  explained  by  an  hypotheiis  afcnbing  The  miad  com* 
to  man  a  faculty  that  compares  thefe  ratios,  and  perceives  the  P?^  ^'-^  ^"V* 
eiled  produced  by  them.     Of  this  defcription  are  the  differ*  thdr  parti. 
ences  perceived  by  the  fenfe  of  feeling  in  the  texture  of  bo- ^^hyfioa  efiedt 
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dies,  the  difcrimination  of  perfons^  which  is  the  office  of  the 

eye,  fuid  Chofe  modifications  of  time,  called  fymphony  aad 

harmony^  which  are  judged  of  by  the  ear. 
The  etr  affords  Each  fenfe  reckons  time,  by  the  train  of  its  own  ideas  alone ; 
a  pe^u?nc  .*  ^^  auditory  organ  on  this  account  meafures  the  lapfe  of  it  by 
foandy  only  found.  Noi¥  if  the  ear  had  the  power  of  coniidering  the 
tion^are  too^-  ^'"^^^^  intervals  of  time  apart,  it  would  perceive  the  conditu- 
quent  to  be  fe-  ent  vibrations  of  founds  as  feparate  diftind  things,  attracting  its 
puately  confi-    notice  fucceffively ;  in  which  cafe,  tlie  human  mind  could  not 

poflibly  form  %  cooception  of  a  permanent  found  :  hot  it  is  a 

maxim  in  harmonics^  that  a  certain  number  of  vibrations  in  a 

f  ' 

fecond  is  required  to  give  a  feniible  degree  of  duration  to  the 
note  of  a  firing ;  I  (liall  at  prefent  make  ufe  of  1 2  for  this  num« 
ber.     The  preceding  fad  afcertains  an  eHential  point  of  my 
theory,  for  it  fixes  the  leafl  interval  of  time  that  the  ear  can 
but  die  ratios  of  contemplate  apart;  jthis  organ  tliercfore  takes  in  the  grofs  all 
»n«eWedi  «id    n^2ig">'"^cs  of  this  dcfcription,  which  are  too  finall  to  be  exa- 
ezcite  ideaa  of    mined  In  detail :  in  this  cafe  it  acquires  the  ideas  of  acute  and 
acute  and  V^^  ^pse,  by  comparing  t>voor  more  trains  of  vibrations ;  the  in- 
tervals of  which  are  equal  in  each  feries  taken  feparately,  but 
greater  and  lefs  in  the  whole  number  taken  together. 
Two  continuous     When  two  founds,  thus  con ftitu ted,  are  heard  in  concert, 
toMthcr  ha^e    ^®  vibrations  producing  them  are  arranged  in  cycles,  no  one 
their  vibrations  of  which  continues  for  a  longer  or  fliorter  time  than  tlie  reti ; 
*'d"**f  *°  al    ^^^  ^^^^^  efTedl  is  perceived  by  the  ear,  which  becomes  feii* 
dundoii  pereep*  (ible  of  their  prefence.     For  when  each  cyde  of  a  feries,  fepa- 
J^^c  by  thcearxfately  confidered,  exceeds  the  twelflh  part  of  a  fecond,  the 
be  long  enough)  ^^^  ^^  hearing  recognizes  each  point  of  division  made  by  tlie 
each  cvde  is  dif- coincidence  of  the  vibrations  which  fcparate  the  contiguous 
^^*"       *        cycles:  this  circumftance  enables  the  I'enfe  to  contemplate 
ifnoty  the  points  thele  periods  apart,  and  to  comprehend  their  origin.     On  the 
•(.r^""*"f*     contrary,  when  the  duration  of  a  cycle  belonging  to  a  com- 
effea  of  fimple  pound  feries  does  not  exceed  the  tv;clfih  part  of  a  fecond,  tlie 
periods,  interval  proves  too  fmall  to  be  mealured  by  the  ear ;  it  there- 

fore efcapes  notice  in  a  feparate  flate ;  for  the  points  of  divi* 
fion  recur  too  frequently  to  be  obferved.  When  tlic  auditory 
organ  finds  itfelf  in  circumflances  anfviFering  to  tlie  preceding 
dcfcription,  it  has  but  one  method  to  purfue ;  which  is  to  treat 
tliefe  derivative  intervals  in  the  fame  manner  it  treats  all  pe- 
and  afford  a mu*  riods  which  are  iingly  too  fmall  for  its  comprchenfion :  it 
ficai  found,  or    therefore  reduces  them  to  a  fimple  mufical  found,  correfpond* 

grave  harmonic,  '  '^    . 
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ing  in  pilch  to  a  flring-,  which  vibrates  once  in  the  time  oflow«iIikD 
etch  fuccelGve  cycle:  A  grave  harmonic  is  on  this  account  bI-^,,- J  j,j|  ^^^ 
wayt  a  lower  note  than  any  of  its  conftituents,  feeing  the  time  wi  falaiei 
of  a  cycle  exceeds  the  greatefl  vibration  that  enters  into  ""^i^'o"^^. 
compoGtion  of  it.  The  flrength  of  a  grave  hatmonic  ii  alfo 
weak,  when  compared  with  the  notes  compoling  i(,  becaufe 
thefe  fecondary  founds,  being  nothing  more  than  certain  un- 
avoidable efforts  of  the  imagination,  they  alTume  llie  character 
of  a  feeble  found,  which  is  juft  firong  enough  to  be  heard  in 
the  company  of  one  or  more  louder  tones;  for  the  power  of 
the  tmgination  ii  aJwayt  inferior  to  extvnwl  iatprvlfioni,  ex> 
cept  in  his  of  inlaniiy,  when  the  organs  of  fenfc  appear  to  be 
blunted  by  phyfical  eaufes.  This  inferiority  of  the  fancy  may 
be  aligned  as  ihc  reafon  of  imaginary  founds,  which  it  fre- 
quently creates,  being  conftantly  faint  and  apparently  diOant. 

Dr.  Yuung  mentions  a  trait  of  the  grave  harmonics,  which 
fpares  my  own  authority,  and  gives  an  opportunity  to  quote 
hi*  for  the  following  fafl,  which  is  of  the  firft  moment  to  the 
prefent  theory  ;  The  grave  harmonics  always  keep  the  direc-  In  proof  of 
lion  of  the  ears,  let  the  poljtion  of  the  head  be  changed  as  oft  J^^Jj'^'JI'^'J 
as  you  pleafe,  refenibling  in  this  cJrcumltance  a  (brill  pipingriRiMit  urtedi, 
nolc,  called  the  ringing  of  the  ears ;  which  every  one  afcribes 
to  a  night  affe6tion  of  the  auditory  du£),  becaufe  it  diflersfrom 
external  founds  in  having  no  lized  direction.     The  grave  har- 
monics agree  with  the  ringing  of  the  ears  in  this  remarkable 
particular ;  wiiich  is  a  drong  proof  that  their  immediate  caufe 
is  feated  in  the  perfon  of  the  hearer ;  and  it  is  evident  from 
the  nature  of  things,  that  this  caufe  originates  in  the  mind, 
feeing  that  the  organ  does  not  labour  at  the  time  under  a  phy- 
fical impediment. 

I  have  now  given  a  general  theory  of  thefe  ideal  founds,  Conclodinf  r«* 
in  compliance  with  Dr.  Young's  injunflions,  but  am  not  able""'"' 
to  perceive  any  conneflion  between  the  fubjefl  and  the  queftion 
in  debate.  This  was  the  reafon  why  I  difregarded  in  my  lall, 
one  of  the  Doflor's  remarks,  which  he  has  (ince  called  a  chal- 
lenge, perhaps  in  a  petulant  manner ;  a  little  more  argument 
and  a  Ultlc  lefs  ill  humour  would  certainly  promote  both  hi; 
caufe  and  reputation.  The  Do3or  endeavours  to  pciftiad* 
me,  that  I  mifunderfland  his  idea  of  coalefcence.  My  idea  of 
the  fubjefl  is  fimply  this,  that  founds  cannot  coalefce ;  confe- 
qiiently  that  all  compounds  are  nothing  but  a  nutsbcT  of  dff- 
B3  tina 
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iinQ,  cotemporary  founds :  if  the  Dodor  will  condefcend  to 
fay,  he  contends  for  nothing  more,  the  difputc  is  at  an  end; 
but  fliould  he  rejed  this  propofal,  I  advife  him  to  attempt  the 
refutation  of  my  paper  by  fober  arguments,  and  to  ttanfmit  hit 
thoughts  to  that  Society  which  publiflied  mine ;  where;  with-. 
out  doubts  they  will  meet  with  a  candid  reception. 

JOHN  GOUGH. 

Middkjhaw,  near  Kendal, 

Decemba*  13,  1802. 

■^— ^'  ■       '  '  ■  I.  II     nil  III  I    < 

°- 

Bagatelles  relating  to  the  Pneumatic  Apparatus.  Sliding  Stop* 
cock ;  fimpU  andfecure  meiaiUc  Joint  Jar  Tubes ;  Improvemeni 
qf  Read's  Apparatus ;  original  Invention  qf  Wouffe^s  Bottles 
and  Tubes  ;  and  qfa  Method  qfchfing  Veffds.    By  N.  N. 

ivtntioo  of      §  1 .  JL  HE  prefent  bagatelle  writer  has  been  frequently  at  a 

^g  flop-  j^^j^  jj^  jjjg  pneumatic  experiments,  to  meet  with  (lop-cocks 
both  cheap  and  perfe6tly  air-tight,  or  to  have  them  eafily  re- 
paired when  out  of  order.  In  a  converfation  he  had  on  this 
fubjed  with  Dr.  Fifcher,  ci-devant  Aftronomer  at  Manheim, 
he  underflood  that  Mr.  Helfenfrieder,  while  Profeflbr  of  Na- 
tural Philofophy  at  Ingoldfladt,  to  remedy  fimilar  defeAs  in  his 
air-pumps,  ufed  fleel  parallelopipedons  with  a  vertical  and  ho- 
rizontal opening  joined  at  right  angles,  and  Aiding  between 
brafs-work.  This  furniihed  the  writer  with  the  idea  of  con- 
ilruding  Aiding  ftop-cocks  for  a  gazometer ;  he  was  conftru6t- 
ing  iimilar  inflruments.  He  lays  no  claim  to  the  invention  ; 
but  has  found  them  anfwer  extremely  well. 

tfcripdoftof        Fig.  I.  PL  I.  exhibits  a  fedtion  of  the  Aiding  Aop-cock  put 

e  cock.  together. 

Fig.  2.  One  of  the  brafs  parallelopipedons  (a  a,  Fig.  1) 
againfl  which  the  pieces  h  and  c.  Fig.  1,  are  preAed  and  united 
by  means  of  four  fcrews. 

Fig.  3.  The  Aider  by  which,  when  brought  home  on  one 
Ade,  the  Aop-cock  is  opened,  and,  on  the  contrary,  (hut 
when  moved  Aufh  on  the  oppoAte  extremity. 

N.  B.  The  bore  of  the  whole  is  three-eighths  of  an  inch 

diameter  throughout^  which  is  of  the  greatefi  advantage,  when 

•    •  any 
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any  gas  is  immediately  transferred  from  the  difengaging  vefTel  ' 
to  the  gazometer ;  for  if  the  apparatus  be  fufficiently  air-tight 
as  it  ought  to  be,  and  the  gas  rapidly  dtfengagisd,  an  explo- 
fion  may  be  occafioned  for  want  of  a  fufficient  padage  for  the 
gas. 

Fig.  4.  The  piece  r.  Fig.  1 .  Its  companion  b  ends  in  a 
male  (crew  to  be  united  to  the  gazometer. 

Fig.  5.  A  perfpe^ive  view  of  the  ilop-cock,  the  above  enu- 
merated partti  being  put  together. 

Fig.  6.  A  nut  provided  with  a  female  fcrew  foldered  to  the 
gazometer,  by  means  of  which  the  (lop-cock  may  be  apph'ed 
or  removed  as  ufual. 

Fig.  7.  reprefents  two  brafs  cylinders.  One  end /is  fitted 
by  grinding  to  the  orifice  of  the  (lop-cock  ;  and  to  the  other 
ends  ^  and  h,  between  x,  is  fadened  a  flexible  tube  for  expe- 
riments with  the  blow-pipe. 

This  flexible  tube  was  made  by  twilling  a  brafs- wire  fpi«  Cheap  ao4  Yer 
rally  round  a  long  thin  cylinder,  covering  this  with  oiled  filk  "'jl^l^^i^ 
twice  wrapped  round,  and  fadened  by  means  of  thread  between  gafet. 
tiie  grooves  of  the  wire.     It  was  then  again  vamilhed  and  co- 
vered in  a  fpiral  manner  with  (lieep-gut  (lit  longitudinally,  and 
again  fecured  with  thread.     Laflly,  to  proted  the  whole  from 
external  injury,  it  was  covered  with  leather  in  the  fame  man* 
ner  as  the  tubes  of  tiie  inhalers.   Thefe  flexible  tabes  anfwer  the 
fame  purpofe  as  the  very  codly  ones  made  of  elaflic  gum,  fi- 
milar  to  the  hollow  bougies  made  for  furgeons. 

Fig.  8.  A  (broken)  blowpipe,  put  in  this  place  merely  to 
(hew  how  its  end  k  is  conne^ed  with  the  gazometer,  by  fitting 
into  the  end  (f)  of  the  brafs  end  of  the  flexible  tube. 

§  2;  In  pneumatic  experiments  for  transferring  any  gas,  for  Defcriptioa  of 
indance  oxigen,  from  the  air-holder  to  another  veflel,  it  is^^^^^«'»«t»" 
frequently  neceflary  to  have  tubes  which  can  be  joined  in  cer- 
tain diredions  and  inclinations ;  and  for  this  purpofe  a  con- 
trivance has  been  adopted,  which  is  well  known,  and  is  re- 
prefented  Fig.  1 .  Plate  II.  where  a  and  b  are  fpherical  feg- 
ments,  and  c  their  jundtion  by  means  of  a  fcrew.  But  as  this 
apparatus,  befides  that  its  parts  are  with  difficulty  well  ground 
together,  is  liable  to  become  imperfed,  more  efpecially  by 
ftrong  predure,  or  a  blow  received  on  the  edges  of  the  feg. 
ments,  or  a  grain  of  du dy  fand  interpofed  between  the  fmall 
flat  furfaces,  the  writer  of-  thdi^  trifles  has  oontrived  another,  a  better  ooa» 

delineated  ft»«^n. 
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deiineated  Fig.  2.  A  B  C  are  Uie  purls  correrponding  to  lliofe 
of  ilie  preceding.  It  ferves  as  a  connefiing  piece,  to  which 
tubes  at  D  and  H  may  be  joined  in  tlie  reqaifile  diteflions. 
Its  con  ft  tufl  ion  and  advantages  are  fufficiently  obvious  from  the 
mere  infpeQion  of  the  drawing,  fo  thai  nothing  ii  requifite  to 
be  added  on  this  account.  Several  iViends  had  made  it  after 
this  model,  and  highly  recommend  it<  ufe :  and  lince  the 
making  of  it  the  writer  underflands  that  the  ingenious  Mr. 
Webfter,  whofe  merits  were  pever  properly  cftimated  by  tlie 
great  improver  of  culiuary  ulenfils,  had  the  fame  thought,  aud 
executed  itabout  two  years  ago;  he,  therefore,  does  not  claim 
the  merit  of  its  firft  invention,  but  only  (perhaps)  that  of  pub- 
lilhing  it. 

The  Aiding  f)op>cockK,  §  1,  as  well  as  thefe  connefting 
pieces,  §  2,  have  been  executed  in  a  maflerly  manner  by  Mr. 
Hooke,  optician  and  malhemalical  inftrument  maker,  No,  159, 
Fieet-ftreet. 

Pirimii  im-  §  3.  In  Mr.  Read's  very  Cmple  and  cheap  pneumatic  appa. 

[Tidw""  d     ^*''"  ''^^  Nicholfon's  Journal,  new  feries.  Vol.  III.  page  56) 

ippiiiiui.  two  improvement;  have  fincebeen  made.     The  firft,  that  the 

top  of  tlic  exterior  tube  is  not  foldered  to  die  funnel  I  (Plats 

I  IV.  cit.)  but  has  a  top  fcrewed  on  with  a  collar  of  leathers, 

and  the  upper  part  of  the  innermoft  tube  A  F  projeds  above  it 
1 1  inch,  and  receives  the  brafs  cylindrical  end  of  the  funnel, 
fitted  to  it  by  grinding.  The  fecond  improvement  has  been 
made  by  Mr.  Hooke,  who  i  nflead  of  foldering  all  the  parts  to- 
gether, has  joined  the  interior  parts  to  the  outer  tube  A  A, 
in  the  middle  about  E.  By  thcfe  means,  if  any  impurities  that 
might  impede  the  adion  of  the  inflrumenl,  ftiould  happen  to 
fettle  at  tlie  bottom  C  or  D,  or  at  L,  l!ie  whole  may  be  caljly 
taken  afandei  and  cleaned. 
Wottlfe'i  app»-  §  +•  The  whole  chemical  world  fpeaku,  hears,  and  writes 
ntuiwisinvtni-ofWoulfe's  pneumatic  apparatus.  The  tribute  of  merit  mud 
'  *"  "  '■  not  be  denied  to  Mr.  Woulfe;  but  perhaps  it  may  be  curious 
to  know,  that  the  original  invention  of  this  contrivance,  in  the 
ftrifl  fenli;,  belongs  to  good  honeft  father  John  Rudolph 
Glauber.     If  any  gentleman  doubt  of  this  fa^,  let  him  confuli 

b  Glauber's  works,  iranflated  into  Engliftiby  Chriftopher  Packe, 
and  printed,  Lond.  1689,  in  folio,  for  the  tranflator,  by  Thomas 
Milbourn.     The  very  firll  plate  to  Glauber's  Treatifc  on  Phi. 
lofopbicol  Furnaces  ihews  it.  Fig.  3. 
§  5.  An- 


vention. 
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f  i.  Another  bagatelle  of  this  kind,  relating  to  pneumatic  Another  old  in 
iailranients,  i^  a  pretended  new  method  of  clofing  bottles  and 
other  veflels  air-tight  tcithout  luting  or  grinding,  which,  a  few 
years  pail,  I  law  recommended  (I  do  not  recolle6i  in  which  of 
our  Journals),  and  which  confifls  in  having  a  groove  round  the 
neck  into  which  a  cap  (its,  foe  Fig.  3 ;  fo  that  this  groove  C^} 
may  be  charged  with  water  or  mercury  as  circumilances  re- 
quire. This  like  wife  belongs  originally  to  Glauber,  as  may 
be  feen  in  the  plate  juft  before  quoted  of  the  tranflation  of  hi> 
works. 

There  is  nothing  new  under  the  fun,  fiiys  Solomon,  Eccks,  I. 
V,  10.  and  more  of  this  kind  of  M  new*  (hall  be  occafionally 
given  by, 

SIR, 

Your  humble  fervant, 

N.N. 
December  12,  1802. 

'■  ■      '  '  '■  II  II    nil  I  III    ^ 

in. 

Awdj/fis  qf  Cot^ndum,  and  qffomeqfthe  Subftances  which  accom- 
pany it ;  uith  Objbrvatiotu  on  the  4^m'ftV«  xvhich  the  Earths 
have  been  Juppofed  to  have  for  each  other  in  the  humid  Way, 
By  Richard  Cheney jx,  Ejij.  F,  R.  S,  and M.  R.  I.  A. 
From  the  Fhilojophical  TranfaSi  ions  for  1 802. 


So] 


§1. 

ME  kinds  of  corundum,  fuch  as  the  adamantine  fpar  ofKSndiof  corun 
China,  and  the  fapphire,  have  already  been  analyzed  by  Mr.  ^^^  ^SJ" 
Klaproth.     This  would  have  rendered  any  further  experiments  p^th. 
unneceflary,  were  it  not,  that  I  have  had  at  my  difpofal  many 
kinds  of  corundum  he  did  not  polTefs,  and  alfo  fome  fubftances 
accompanying  it,  which  were  unknown  before  the  preceding 
communication  of  the  Count  de  Bonmon. 

As,  from  the  refult  of  my  analyfes,  it  appean  that  all  the  An  the  kinds 
different  kinds  of  corundum  are  nearly  fimikr  in  their  conili-  ^^^^ 
tuent  parts,  and  differ  only  in  their  proportions,  it  would  be 
tedious  to  mention  every  experiment  I  made  upon  each  kind.' 
I  (hall  therefore  confine  myfelf  to  dating,  once  fiir  all»  fuch 

modes 
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modes  of  analyfis  as  were  emplojred  with  (tones  of  a  fimihr 
nature ;  and  then  prefent  a  fummary  of  the  refults :  h&lj,  I 
(hall  conclude  with  an  enquiry  into  a  mach  contefted  poiot» 
which  lately  threatened  a  revolution  in  docimaftic  dxcmiOry. 
'^^P*' *^*"  A  principal  charader  of  comndum  in  general^  as  inay  b# 
bardncifc  fopnd  in  the  Count  de  Boumon's  mineralogical  defcriplion,  is 

extreme  hardnefs ;  and  thence  the  difficulty  of  reducing  that 
fiibflance  into  fine  powder  will  be  ealily  conceived.     We  are 
told  by  docimaAic  chemifts,  that  the  moft  advantageous  method 
of  pulverizing  hard  (lones^  is  to  make  them  red-hot ;  and*  in 
that  (late,  to  plunge  them  into  cold  water.     But  I  found  ti»t 
this  operation,  when  performed  but  once,  was  by  no  means 
^^enied  tfter  fuQcient  for  corundum.     I  therefore  repealed  it^  till  ihe  Aone 
a^uenchinf .  appeared  to  be  fifTured  in  every  dir^on.     After  this,  the 
fpecimen  to  ba  pulverised  was  put  into  a  (leel  mortar,  about 
three-fourths  of  an  inch  in  diameter,  and  three  inches  in  depth. 
Efficacy  of  the    j^^^  which  a  fteel  pedle  was  very  clofely  adjufted.     A  few 
blows  upon  the  pedle  caufed  the  (lone  to  crumble ;  and  the 
fragments  were  then  eafily  reduced  into  an  impalpable  powder, 
in  an  agate  mortar,  with  a  pedle  of  the  fame  material.     The 
abrafion  from  the  mortar,  ufual  in  the  pulverization  of  hard 
dones,  was  much  diminilhed  by  the  above  precaution  ;  rubies 
and  fapphires  being,  in  a  (hort  time,  ground  to  a  powder  nearly 
as  minute  as  the  fined  precipitate. 
The  great  diffi-      M.  Klaproth  in  his  an^lyfis  before*mentioned,  had  obferved 
corundum  with  ^^^  ^^^  much  difficulty  the  dones  were  adted  upon  by  potalh 
alkHi,  renders    or  foda.     I  found  that  the  greated  heat  a  diver  crucible  could 
iSft*  ^"^*  °^*  fupport,  without  melting,  was  not  fufficient  to  produce  a  fa- 
^  *        tisfadlory  fufion  of  one  part  of  corundum,  with  fix  parts  pf 

either  of  thofe  alkalis  j  nor  did  an  expofure  to  that  tempera- 
ture during  feveral  hours,  feem  to  render  the  treatment  more 
efieAual.  Not  more  than  half  the  quantity  of  the  corundum 
was  ever  rendered  foluble  in  any  aqid ;  and  wh^t  remained  was 
the  powder  of  the  done,  wholly  unchanged.  The  repeated 
filtrations  and  evaporations  with  which  this  treatment  mud 
be  attended,  not  only  render  it  tedious,  but  alfo  produce 
iincertainty  in  tlic  refults.  Even  when  very  finely  powdered 
corundum  was  expofed,  with  fix  times  its  weight  of  potalh^  in 
a  platina  criicible,  to  a  heat  of  140^  of  Wedgwood,  for  two 
^purs  together,  it  was  not  adled  upon  in  fuch  a  manner  as  to 
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be  fit  for  analyfis.  From  all  thefe  experiments  I  concluded, 
that  fome  more  efficacious  mode  of  rendering  corundum  foluble 
in  acids  was  to  be  fought. 

I  boiled  a  great  quantity  of  fulphuric  acid  upon  very  finely  Neither  the  to. 
powdered  corundum  in  a  platina  crucible.     fiut«  although  the  tbe'phoirpl^ 
acid*  after  a  great  length  of  time,  had  dilFolved  a  little  of  the  have  any  nocible 
ftone,  I  did  not  find  this  method  more  fatisfadory  tlian  the  J^""***^**""- 
others.     Nitric,  muriatic,  and  nitro-muriatic  acids,  were  lefs 
effedual  than  the  fulphuric.     Phofphoric  acid,  held  in  fufion 
with  corundum,  did  not  diflblve  any  notable  portion  of  that 
Aone,  or  render  it  foluble  in  other  acids. 

I  tltcn  had'recourfe  to  fub-borate  of  foda  (borax),  which  I  Boc»  ^ufes  It 
found  to  anfwer  beyond  my  expectation.     Two  parts  of  that^^i^^  bora?'** 
fait,  calcined,  and  one  of  corundum,  enter  into  fufion,  at  a«n<ioneof  cor. 
temperature  which  I  judged  to  be  about  80^  of  Wedgwood  *;f^JJJ  Tn  mwU^ 
and  a  glafs,  more  or  Icfs  coloured,  is  formed.     This  glafs  is  acid, 
foluble  in  muriatic  acid ;  and,  by  this  method,  it  is  eafy  to  ob- 
tain a  complete  folution  of  corundum.     My  general  method  of 
operating  was  as  follows : 

I  took  one  hundred  grains  of  corundum ;  and,  having  feve-  ^°*jjf**    '^^ 
ral  times  made  it  red-hot,  and  plunged  it  into  cold  water,  I  putpoiverisedsfuled 
it  into  the  (leel  mortar,  and  treated  it  as  already  mentioned.     I  ^i^h  zoo  boraxj 
then  poured  fome  very  dilute  muriatic  acid  upon  it,  to  wafti  ofl^^*, Jg\^.j^"  ""* 
whatever  iron  might  have  adhered,,  in  confcquence  of  its  me- (e?ap.  to  dryaeft 
chanical  adion  upon  the  mortar.    .After  it  was  dried  *"dJJ^?Jj?**J? 
weighed,  I  put  it  into  the  agate  mortar,  and  ground  it  as  fine  carbonate  j  ab- 
as  I  could.   The  augmentation  of  weight  was  then  noted ;  and?"^  ^^^^'^m 
was  always  taken  into  account  in  the  general  refult.     I  then  (blve  the  pradol 
put  the  whole  into  a  platina  crucible,  with  200  grains  of  cal-'"  """^  "^^ 
cined  fub-borate  of  foda,  and  expofed  the  mixture  for  an  hour  fiji^  the  imr. ' 
or  two  to  a  violent  heat.  When  the  crucible  was  cool,  muriatic  ^^1"<>^S  pradjpc 
acid  was  boiled  upon  it  and  its  contents ;  and,  in  about  twelve  ^^^  ofponAi 
hours,  all  the  glafs  difappeared.    If  I  wiflied  to  obtain  the  fi  lica  oiidt  of  iron  is 
direaiy,  I  evaporated  the  whole  todrynefs;  but,  '^otherwife,J^2Srb2^JuI 
I  precipitated  by  an  alkaline  carbonate,  and  walhed  the  preci-mina  taken  up 
pitate,  in  order  to  get  rid  of  all  the  (alts  contained  in  the  liquor.  ^^  ^'  '^'  <. 
This  latter  mode  I  believe  to  be  preferable.  I  then  re-diflblvcdmlna  by  mnr.  of 
the  precipitate  in  muriatic  acid,  and  evaporated  for  filica.  But,""**":    Wa4, 
^s  corundum  contains  only  a  fmall  portion  of  this  earth,  there  J^^eatthi. 

f  J  have  no  doubt  that  a  lower  temperature  would  be  fufficient. 

was 
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was  littie  or  no  appearance  of  jelly.    When  the  filiea  was  ibw 

precipitated  by  evaporation,  I  filtered  the  liquor,  and  boiled  it 

with  an  excefs  of  potalh.     By  this  operation,  the  alamina  waf 

precipitated,  and  then  re-diflblved  by  the  excefs  of  potalh,  from 

which  it  was  finally  obtained  by  muriate  of  ammonia ;  the  iroA 

which  had  remained  undidbl  ved  by  the  potalh,  having  of  coorfe 

been  previoufly  feparated  from  the  alumina.    This  eaith,  and 

the  (ilica,  after  bemg  wafhed  and  dried,  were  ignited,  and  thus 

the  weight  of  both  was  obtained. 

Example.  Ana*     I  (hall  exemplify,  in  a  iingle  inffonce,  this  mode  of  treat- 

^Win^  ^'  ^f '  ment ;  and  then  prcfent  the  refults  obtained  from  the  different 

^      *  kinds  of  corundum.     For  this  purpofe,  I  (ball  feled  the  blue 

perfbQ  corundum,  or  fapphire,  as  the  ftone  which  has  been  the 

mofl  ably  analyzed  by  Mr.  Klaprotli.     From  a  view  of  both 

analyfes,  the  efficacy  of  the  fiifion  with  borax  will  be  evident ; 

and  the  refults  of  the  feveral  experiments  may  be  compared. 

ioegTt.6pphire      I.  100  grains  of  fapphire,  pulverized  in  the  agate  mortar» 

were  pal  wiied  ^^  ^^^^  ^^^^^  ^^^  increafed  to  105.     Thefe  105  were  mixed 

and  xhtn  fuic4  ' 

into  a  green  glaft  with  250  of  calcined  fub-borate  of  foda,  and  put  into  apmtimr 
^th  250  borasy  ^«f^^^|,^^^     They  were  then  expofed  to  a  violent  heat  for  two 

hours,  and  afterwards  allowed  to  cool.  Themafs  was  vitrified; 

and  had  the  appearance  of  a  greeniih  blue  glafs,  fifTured  in 

many  diredUons. 
wfikh  was  dif-        2.  This  glafs  being  flrongly  attached  to  the  platina  crucible^ 
^^^^  Si**"^"*  ^^®  whole  was  put  into  muriatic  acid,  and  boiled  for  fome 

hours,     fiy  thcfe  means,  a  total  and  limpid  folution  wvls  ob» 

tained. 
Predp.  by  carb.  3.  The  matter  of  the  (lone  was  next  precipitated,  by  am- 
^Ja^A^A^A^ monia  not  entirely  faturated  with  carbonic  acid ;  the  liquor 
diflbhcdiflinvr.  was  filtered ;  and  the  precipitate  well  wafhed  and  dried.  It 
and  cxpof.  to  ^^  ^g„  rediflTolved  in  muriatic  acid,  and  evaporated, 
lt^apfcdp«  ^'  By  this  evaporation  a  precipitate  was  formed,  which, 
of  lOits  fili^**   when  well  walhed  and  ignited,  weighed  10,25  grains,  and 

was  filica. 
Tbt  water  of  5.  The  liquor,  together  with  that  which  had  wa(hed  the  pre* 
waflking  and  tht  cinitate,  was  boiled  in  a  filver  veffel,  with  an  excefs  of  potafh ; 
boiled  with  ex-  this  rediflolved  all  the  precipitate,  except  one  grain, 
ceft  of  potaih.  6.  Muriate  of  ammonia  was  poured  into  the  alkaline  folution. 
inm  drained.  (No.  5;)  The  potalh  expelled  the  ammonia  from  the  muriatic 
Mur.  of  amm.  acid,  and,  forming  muriate  of  potafh,  coulc}  no  longer  retain 
aik:  foJution.   *  ^^^  ^^^^^  ^  folution  ;  a  very  copious  precipitate,  therefore,  v»ras 

foraied. 
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formed.    This  precipitate  had  all  the  properties  of  alumina ;  The  pociih  ktt 
and,  when  well  wafhed  and  ignited,  weighed  9f  grains.  Cm-^^f^J^^ 
fequently,  deducting  5  from  the  filica,  for  the  abrafion  of  thefuffered  the  da- 
morter,  we  (hall  have  for  refult,  2l"l5  ^, 

^^  WaflMd  and  ig« 

Silica       ....  5,25  nited  it  wdghed 

Alumina        -  -  -  -     92  ^»^ 

Iron    .     ...      1        S:s:^*- 

Lofs  ....        1,75 


100,00. 

The  chief  difierence  between  thefe  proportions  and  tbofe  Af  Klapcodi 
eOaUiOied  by  Mr.  Klaproth,  if  in  the  filica.    That  ch«»^"hu  ^Jff* 
did  not  find  any  notable  portion  of  it  in  the  fpecimens  he  esui-thit  point  wm* 
mined*    This  naturally  induced  me  to  make  a  very  ^ndtre-^^^j**^!  <*** 
fearch  into  every  poffible  means  by  which  any  filica  might  have 
been  introduced  into  the  refults ;  whether  by  the  bon&sr,  the 
alkali^  or  any  of  the  other  re-agents  I  had  uf<^.     But,  finding 
very  clearly^  that  none  of  thefe  fubilances  did  contain  any,  I 
eonld  no  longer  hefitate  to  believe,  that  the  proportion  I  have 
hecefiated,  was  adually  contained  in  the  lapphire  I  analysed. 
I  am  likewife  convinced,  that  no  more  t&an  the  quantity  I 
have  mentioned  was  worn  from  the  agate  mortar  and  peflle ; 
for  my  oonflant  pradice  was,  to  weigh  them,  both  befbre  and 
after  I  had  ufed  them,  in  fcalet  whidi>  when  charged  with  four 
pottods  on. each  end,  turn  eafiiy  with  the  tenth  part  of  a  grain. 

The  general  refults,  firom  all  the  different  Unds  of  corundum, 
were  as  follows : 


Bhi£f€rfc&  Corundum,  or 
Sapphire. 
Silica    -        -        -        5,25 
Alumina  •        -        -  92 
Iron      ...        1 
Lofs         -        -        -     J, 75 


100,00. 


ImpcrfcSt  Corundum  from  the 

CoTTHitic* 
Silica    ...  5 

Alumina    -        -        •91 
Iron       .        •        •         1,5 
Jjofs  -        •        •        •    2,5 


100«0. 


Red  peffeB  Corundtm,  or  Compoaeatpwti' 
Ruby.  of^ffTUafar 


Silica 
Alumina 
Iron 
Lofs    - 


7 
90 

1.8 

100,0. 


comadaBu 


ImpeffiB  Corundum  from 
Malahut. 
Silica        ...     7 
Alumina       •        -        86^5 
Iron  «        •        •     4 

Lofs     •        •        •  2,5 


ioo,a 

Jmpeffed 
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ImpafeB  Carundum/ram 

China. 

Silica 

m                  m 

.    5,25 

Alumina 

. 

86,50 

Iron 

• 

-     6,50 

hob     - 

- 

1,75 

100,00. 


Imperfed  Corundum  from 
Ava. 
Silica        -        -        -     6,5 
Alumina        -        -       87,0 
Iron  -        -        -     4,5 

Lois      ...  2,0 


100,0. 


Their  diff.  of  As  I  could  not  difcover  chrome,  or  any  other  colouring  fub- 
f^l^^^osl-  ft^ce,  except  iron,  in  thcfe  ilones,  I  can  attribute  their  difier- 
dlsemcnt  of  the  ence  of  colour  only  to  the  different  Aate  of  oxidizement  of  the 
'•*'•  iron ;  but  it  is  impoffible  to  afcertain  what  that  ftatc  may  be, 

from  fo  fmall  a  quantity. 

The  natricei  of    The  matrices  of  thefe  (!ones,  and  the  fubftances  accompa- 

mit  to  die  ufuil'^y^"?  them,  are  more  eafily  fufed  than  the  fix  kinds  of  conin- 

analyfis.  dum  jufl  mentioned.  The  ufual  and  well  known  mode  of  treat- 

itient  by  potaQi,  was  fuflficient  to  render  thefe  fubflances  Toluble 

in  the  acids.     Since  the  many  experiments  of  Klaprotfa,  Van* 

quelin,  and  others,  the  mode  of  analyzing  mineraf  bodies  is 

become  fo  familiar  to  chemifts,  that  I  (ball  mention  particafaurt 

with  refpe^  to  one  only  of  the  following  fubfiances. 

MATRIX  OF  CORUNDUM  FROM  THE  PENINSULA 

OF  INDIA. 
Matrix  of  Indian  1 .  A  certain  quantity  of  this  matrix  was  reduced  to  powder, 
£«.**  fufed  *with°  *°  ^^  manner  already  defcribed .  1 00  grains  of  it  were  treated 
potalh;  diflblTcdwith  potafli,  in  a  filver  crucible :  they  then  afforded  a  limpid 
in  mur.  acid  j  folution  in  muriatic  acid.  The  liquor  was  evaporated  ;  and, 
diilol.  in  f(L  ex-  long  before  the  mafs  was  entirely  dry,  it  had  aflhmed  the 

**^^?^]r*  '*^ftpP*2i'***^c^  o^2i  j^^y-  When  the  faline  matter  in  the  evapo- 
*  rating-di(h  was  diflblved  in  a  flight  excefs  of  acid,  a  white 
powder  remained  at  bottom,  which  had  all  the  -properties  of 
filica,  and,  when  wafbed  and  ignited,  weighed  42,5  grains. 

Amnoaia  threw     2.  Into  the  liquor  which  had  ferved  to  wa(h  the  above  pow- 

d^n  alumina  ^^^  j  poured  ammonia.  A  copious  precipitate  was  thus  formed, 
which  was  feparated  by  filtration,  and  well  wafhed. 

Carb.  pouih  3.  Carbonate  of  potafli  alfo  caufed  a  precipitate  in  the  li- 

carbriilnr--  ^"^"^  ^^  ^°*  ^'  '^^"  precipitate  was  found  to  be  carbonate  of 
Smt  15.  lime,  and  weighed  25,5  grains,  =  15  of  lime. 

The  a'amina  4.  The  precipitate  of  No.  2.  was  rediflblved  in  muriatic 

and  oxide  were  ^^^.  ^jjgn  boiled  with  an  excefs  of  potafli,  and  filtered.  There 
acid}  and  the    remained  undiflfolved,  3  grains,  which  were  iron. 

5.  The 
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.5.  The  liquor  of  No.  4.  was  precipitated  by  muriate  of  am.  alamina  taken 
monia,  and  afforded  alumina ;  which^  being  wafhed  and  ignited,  ^^  ^hwn* 


weighed  37^5  grains. 
I  could  alfo  perceive  a  trace  of  manganefe. 
The  proportions  therefore  are. 

Silica  ... 

Alumina 

Lime  ... 

Iron      ... 

Lofsj  with  a  trace  of  manganefe     « 


42,5 

37,5 

15,0 

3,0 

2,0 

100,0. 


Mvu.  amai«pre< 
dpitated  37,5 

trace. 
Comp.  parli. 


By  a  fimilar  treatment,  the  following  fubfiances,  contained 
in  this  matrix,  afforded  the  under-mentioned  refults. 

Fdjpar. 

Silica           -                .  .64 

Alumina              -                -  -24 

liipe         .                .  «                6,25 

Iron    ...  -      2,00 

Lofs           •                -  -                3,75 


Conitoatacpirti 
offelfpar) 


100,00. 

FibroUu. 

Silica 

38 

Alumina 

-    58,25 

A  trace  of  iron^  and  lofs 

3,75 

offibfolites 


100,00. 

This  is  the  only  ilone  I  have  ever  met  with,  that  yielded 
nothing  but  filica  and  alumina ;  for  the  quantity  of  iron  was  fo 
fmall  as  hardly  to  be  taken  into  account.  I  have  repeated  this 
analyfis  three  times,  and  have  not  found  a  difference  of  half  a 
grain. 

ThaXUtc  in  Crj/ftdU,  xUth  a  rough  Surface^ 
Silica  -  -  -  45 

Alumina  -  -  -      2$ 

Lime  -'  -  -  15 

Iron       -  •  -  -       11 

Lofs  •  •  •  1 


«froa^tfiaIfils| 


100. 


•^•w**-^ 
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ifpiSfinitfc  TiaUte  m  Prifint  Ukc  the  TmitniMu 

'\  Silica  •  •  •  40 

Alumina  •  «  «    23 

Lime  .  «  .  Sl^ 

Iron     -  *  «  «    llj5 

IioTs  ...  2 


i*» 


100,0, 

•r  tkaffite  in  JTiaOiU  m  Fragments  ^ajme  trmf^annt  Ydhm  Qkmr, 

!:!*^^^"«*  Smca  ...  42 

Alamina  •  •  •    25^5 

Lime  •  -  «  16 

Iron     •  •  -  -     14        • 

Loft  -  •        •       •  2,5 


l00,O. 


•r  fiteslite  of  tbe    RbrciUe  accompanying  the  Matrix  qf  Conmdum  Jrcm  Ckmeu 
4«Hi|  jSHica     .  •  -  •59 


Almmna    -             *               - 

-    46 

Iron                ... 

13 

Lofs        ... 

.      3 

loa 

wi  Mfyw  ntMii 

felfparfratn  the  Sand  qf  Cei/lon. 

• 

liiidofCexloA* 

Silica 

68,5" 

Aliuniaa 

.     20,5 

Lime             •                .                . 

7 

- 

Iron     -               •                -            . 

-       1,5 

Loft              •                •               • 

2,5 

100,0. 

JUcCalfic  on*         -^^  ^^  greater  part  of  the  above  fubflances  were  fufiUe 

dblet  dooemuft  witheat  difficulty  in  potafli,  I  preferred  uiing  a  filver  crucible 

^1^^^  ^         to  any  other.     It  may  be  laid  down  as  a  general  rule,  with 

refpe6l  to  delicate  experiments,  that  injthe  treatment  of  me« 

tallic  fubftances,  we  (hould  not  ufe  metallic  crucibles ;  but,  in 

the  treatment  of  earthy  bodies,  they  alone  are  to  be  depended 

amtlT  fiWer    ^P^^^*    1^^^  eafily  oxidizable  metals  cannot  be  employed ;  but 

md  pUtiiuu        filver  and  platina  prefent  advantages  which  no  other  metals 

feem 
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foem  to  poflefs.    Theory  would  cef taiDly  give  a  general  pre- 
ference to  platina,  from  iU  refiftaoce  both  to  beat  and  to  acids ; 
i»nd  pra&ice  will  jufiify  this  preference,  in  all  bot  a  fingle  lo- 
ftance.     If  a  quantity  of  potafh  be  kept  for  fon»o  tinia  in  fa*  Ptattaa  I«  pre- 
0on,  in  a  platina  crucibfe,  it  will  be  found  that  the  crucible  ^iu^>«i««ceFt 
iias  loft  feveral  grains  of  its  weight.    The  platina  (o  diflolved  mikl'sai  tt§m 
auLy  be  looked  for  in  the  potalh;  and,  if  this  be  feturated^* 
with  tturiatic  acid,  and  evaporated,  we  (ball  find  the  welU 
known  triple  fait,  formed  by  the  combination  of  muriatic  add 
wilh  potalh  and  oxide  of  platina^    This  afiion  of  potaih  upon 
platina>  does  not  depend  upon  any  mechanical  caufe,  fucfa  at 
friOion,  the  force  that  determines  it  being  parely  chemicaL 
If  a  fait  formed  by  potafli,  or  a  fait  formed  b/ammonia,  beSpmlfli  method 
mixed  with  a  fait  of  platina.  a  precipitate  enfues,  which  is  a  S^^ltJl^  rf 
triple  felt ;  and  it  is  by  this  method,  that  the  Spanifli  govern-  goU.    Ta^ti 
ment  deteds  the  pkUina,  in  the  ingots  of  g<dd  fent  from  their  ^'  ^!*^°|^^ 
American  pofleffioos.     It  is  therefore  evident,  that  an  affinity  pie)  If  the  wtt* 
does  exi/l  between  potafli  and  platina,  in  a  oertain  ftate ;  and  of  p^tift. 
I  imagine  it  to  be  this  affinity,  which  caufes  the  oxidizement 
of  the  platina,  when  potalh  is  kept  in  fufion  upon  that  metal. 
Imuftbowever  obferve,  that  my  crucible  was  prepared  by  !•  platina  af. 
Janetty,  in  Paris,  according  to  a  method  he  i^as  publilhed  in  ^•^  ^J  ^^ 
the  AtmaUt  dt  Chimk:  and  thai  he  always  enployt  arfenic,  a  tains  i 
little  of  which  certamly  remairn  united  to  the  platina.     What 
influence  arfenic  may  have,  remains  to  be  determined.     Soda  Soda  fcareeljr 
does  not  form  a  triple  fait  with  the  oxide  of  platina ;  for  I  have  *^»P^'*  P*»- 
frequently  kept  this  alkali  in  fufion,  in  a  platina  crucible,  for 
a  long  time ;  yet  very  little  a6lion  was  produced  upon  the 
metal.     This  fed  feems  to  corroborate  my  alfertion,  that  the 
affinity  of  potalh  for  oxide  of  platina,  determines  tbe  oxidiae- 
ment  of  the  metal. 

Whenever  I  fufpeded  that  platina  had  been  didblved,  I  Muriate  of  tin 
could  eafily  deted  the  fmalleft  portion  of  it.    A  folution  of  JIJ^J^  ^-  * 
platina,  fo  dilute  as  to  be  nearly  colourlefs,  manifefts,  in  atina. 
very  Ibort  time,  the  colour  of  a  much  more  concentrate  folu- 
tion, and  becomes  reddifli,  by  the  addition  of  a  folution  of  tin 
in  muriatic  acid.     This  I  have  found  to  be^  by  many  degrees* 
the  moH  fenfible  teft  for  platina;  and  it  would  anfwer  the 
parpofes  of  the  SpaniAi  government,  much  better  than  that 
they  ufually  employ. 

4  The 
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Alkalis  do  not  The  alkalis  have  no  iinroediate  adion  upon  filver ;  bat ' 
J^J^^^^"j,^,haveobrerved,  that  crucibles  of  this  metal,  after  they  hav« 
become  ntber    been  a  long  time  in  ufe^  become  fomewbat  more  brklki  than 

moKMttteby    they  were  before.  .       .     .  : 

iiqng  OK*  ^ 

The  fixed  alkalifl     Potaih  and  fodtf  have  long  been  termed  fixed  alkalis ;  ind 

h^^  "^     ^^ ''  certain  that,  if  we  compare  them  with  ammonia,  they  are 

more'r^y       ^*^'     ^^t  fired  is  an  abfolnte  term,  and  cannot  admit  of  do* 

thanfod4u  grees.     If  potafli,  fach  as  we  obtab  from  Mr.  BerthoUet's 

method  of  preparing  it,  be  kept  in  fiifion  at  a  very  firong  heat^ 

it  may  be  totally  volatilised.    The  vapour  of  the  alksji  may 

be  perceived  in  the  room ;  and  vegetable  colours  will  undergo; 

the  change  which  u  ufually  produced  by  alkalis.    Indeed*  in 

preparing  Mr.  Berthollet's  potaih,  the  vapour  of  the  alkali 

Water  affiftfl      may  beeaiily  perceived.     Soda  is  not  quite  fo  volatile ;  though 

fbeir  elevation.  ^  ^^^^  ^^^  ^^      j^  appears  alfo,  that  a  little  vrater  in. 

creafes  the  volatility  otf'both  potafli  and  foda,  as  happens  with 
Pota&  niefnOy  boracic  acid.  This  volatility  of  potafli,  has  been  advantage* 
bteillhin^  *"*     ^^y  aPPl»«^  of  late  to  the  art  of  blcachmg. 

§11. 

On  tke  4ffnUiu  the  Earths  have  been  fiigp^ed  to  hace  for  eoci 

^     oiktTf  in  the  humid  tuiy. 

In  the  courfe  of  the  foregoing  analyiis,  I  had  occafion  to 

make  feme  further  obfcrvations  concerning  a  fubjed  upon 

which  I  had  been  formerly  engaged,  namely,  on  the  aflinities 

tlie  earths  have  been  fuppofed  to  have  for  each  other,  when 

held  in  folution  by  acid  or  alkaline  menflrua. 

Oo  the  affinities     jn  the  XXVIIIth  volume  of  the  Aimaks  de  Chime,  page  1 89, 

each  other.     °'  ^  pubUflied  a  paper  upon  the  analy (is  of  fome  magneiian  flones. 

Hiftorical  fads.  In  this  paper,  I  took  notice  of  the  following  aflinities  of  the 

earths  for  each  other,  namely,  the  affinity  of  alumina  for  mag* 

nefia,  of  alumina  for  lime,  and  of  alumina  for  iilica.     In  the 

XXXIfl  volume,  page  246,  there  is  a  memoir,  by  Guyton  de 

Gnyton*s  ezpe-  Morveau,  upon  a  (imllar  fubjed  ;*  and  he  there  reports  fbme 

rimenti.  experiments  of  his  own,  by  which  he  was  induced  to  thinks 

that  die  earths  do  really  poflefs  a  qhemical  attradion  for  one 

another.     Since  that  time,  the  affinity  of  the  earths  has  been 

*  He  has  take(i  no  notice  of  any  of  the  experiments  contained  in 
my  paper, 

received 
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received  among  cbemills  as  an  undaubled  fuft;  and,  at  the 
end  of  Mr.  Kirwan's  EJfui/  on  the  Anaiyfit  qf  ndntrui  Haters, 
we  find  a  lili  of  earthy  £i!ts  which  produce  a  Te-aflion  upon 
one  another,  fuppofcd  to  becaufetl  by  an  aihnily  that  tendi  lo 
unite  their  bafes,  in  the  form  of  a  precipitate,  infoluble  in  the 
acids.  Some  other  detached  oblervations  are  to  be  fouod,  in  -- 
the  Journal  de  Pliyjujue,  and  in  the  Aandet  de  Chimie.  The 
fafl  is  certainly  one  of  the  moll  ijnpottant  in  tbe  docimallic  arl, 
and  merits  all  the  attention  of  the  Ikilful  in  that  branch. 

Id  iJie  XHh  volume  of  the  JnnaUi  de  C/umic,  page  5'2.  "nwntiJ  t 
Darracq  has  publifhcd  a  paper,  intended  as  s  refutation  of  ilie 
conciuGons  drawn  by  Gujion,  1  had  myfelf  repeated  the 
greater  part  of  the  experiments  of  ihe  latter;  and  the  refults 
I  obtained  were  c\a£tly  fimilar  to  thofe  of  Darracq.  In  faf), 
I  had  intended  to  coniinue  (he  refearches ;  but  the  very  fatis- 
(a&aty  paper  of  Darracq,  appeared  to  me  to  render  a  further 
jirofccution  of  them  totally  ufelefs.  However,  a  paragraph 
inftrledin  the  Annatei  dr  Ckimit,  {Tom.  XI. I.  p.  206. J  and 
of  which  Guvton  appears  to  be  tlie  author,  fliuws  that  lie  has 
not  derived  from  the  Memoir  of  Oartacq,  ifiat  conviflion 
whidi  it  certainly  conveys.  The  paragraph  in  <]ueftioti  ii 
founded  upon  a  kiler,  wrilteu  Iroin  Freyberg,  by  Dr.  CM. 
to  Dr.  Babinglcn,  dated  December  IT,  ISOO,  and  inferled  in 
thelVth  volume  of  Nich(ilfun'$  Journal,  page  SI  1.  This  let- 
ter cunlains  an  opinion  which  dcferve;  lo  be  canvaffed,  as  it  it  ,^ 
not  perfectly  jult;  and  the  ufe  Guylon  has  made  of  it,  has 
determined  roe  to  add  my  obfervatiuns  to  thofe  of  Darracq. 

I  (hall  follow  the  order  of  Guyton'i  esperimenLs,  in  iJie  Rcpetiuon  of 
enumeration  of  ihofc  I  made.  Gujum'.  «pe. 

Eip,  1.  From  a  mixture  of  lime-water  and  barylcs-water,  Lini<-wii«  ml 
Guyton  obtained  a  precipitate.      1  obtained  ngne.  biijtei> water 

£jrp.  2.  A  folution  of  alumina  in  potaOi,  mixed  with  a  folu-rii^j.  *"      "^ 
lion  nf  filtca  in  the  Ikaie,  gave  a  precipitate,  after  Handing  Alumiiu  \a  pM> 
fome  time.     This  had  been  obferved  by  Darracq,  and  hy'    JJ—'^'" 
Guylon,  and  agrees  perfe^ly  with   the  a&nily  whjvh,  before — Arcuuincd 
Guyton  publiQied  his  paper,  I  had  afleiled  to  cxitt  between  '"'""■ 
Ihefe  two  earths. 

Exp.  3,  4,  5.     Lime-water^    flrontia-waier,  and  baryles- Watetof  Jims, 
water,  produce  a  fomc what  limilai  efie3  upon  a  I'olulieii  of"'"^?"""*' 

^,.       ,  „  or  of  bsrytti  <|- 

filtca  m  potaiti.  tn  eiici  in  jwl. 
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Barytes  watery  £jrp.  6.  No  precipitate  took  place  from  amixtare  ofba' 
Jy^j^^^*'^^rytes- water  and  flrontia- water ;  nor  from  folutions  of  the  cw- 
cipitate.  l>onates  of  thofe  earths,  in  water  impregnated  with  carbonic 

acid. 
Mur.  lime  and       Exp.  7.  Guy  ton  obtained  a  precipitate,  by  mixing  folalions 
r!*precip.— *     ^^  muriate  of  lime  and  muriate  of  alumina.     I  could  not  obtain 
Failed.  any. 

Mur.  lime  and    .   f^xp.  8.  Solutions  of  muriate  of  lime  and  muriate  of  mag* 
r:  no"precip.*'  "cfia,  when  mixed,  did  not  afford  a  precipitate. 
Mur^  Time  and        Exp.  9.  Muriate  of  barytes  did  not,  as  Guy  ton  has  aflerled, 
wecip.^^*cd7  fe'*n  *  precipitate  with  muriate  of  lime.     He  was  right  in 

faying,  that  muriate  of  flrontia  gave  no  precipitate  with  mu* 

riale  of  lime, 
Mur.  mag.  and  Exp.  10.  Muriate  of  magnefiaand  of  alumina,  afforded  mc 
mur.  aium,  =  n^  precipitate.  Guyton  fays,  that  the  liquors  became  milky.  ■ 
Mur.  magnefia  Exp.  1 1 .  Muriate  of  magneiia,  whether  mixed  witli  muriate 
and  mur. of ba-  of  barytes  or  of  flrontia,  afforded  me  no  change;  although 
—•^slbuTida^n"  *  Guyton  fays  he  obtained  an  abundant  precipitate,  by  mixing 
predp.— Failed,  muriate  of  magneiia  with  muriate  of  barytes. 
Mor.  alum,  and     Exp.  12.  Muriate  of  alumina  and  of  barytes,  did  not,  when 

mur.  barytes  =z  mixed  toeether,  yield  any  precipitate.     Guyton  afferts,  that 
precip — FaUcd.  ,,         .     ^         •   -I  *     •     ^k-       r 
there  is  a  precipitate  in  this  cafe. 

Mur.  barytes  Exp,  15.  Muriate  of  barytes  and  of  flrontia,  did  not  form  a 

and  ftrontia  =  precipitate.     Guyton  has  remarked  the  fame. 

Mur.  ftrontia  Exp.  14.  From  muriate  of  flrontia  and  of  alumina,  I  ob- 

and  aiumma  =  tained   no  precipitate.      Witli  Guyton    the  liquor   becamef 

no  precip.  .n 

^     '^  milky. 

Guyton  was  From  all  thefe  experiments  it  appears  very  clearly,  that 

wrong  in  aflert.  Guy  ton  has  pronounced  too  haflily,  upon  the  affinity  which  he 
lot  affinity^*  fupppfes  barytes  to  entertain  for  lime,  for  magnefia,  and  for 
lime,  ma|iieiia   alumina ;  and  tliat  he  is  equally  in  the  wrong,  with  regard  to 
H^  Sir^Iiiti.  ^®  ^^^^y  ®^  ftrontia  and  alumina.     With  regard  to  Exp.  3,4, 
attrafti  atDmiaa.  and  5,  although  they  appear  to  be  true,  yet  it  would  require 
the  refpedive  precipitates  to  be  further  examined,  before  we 
admit  a  decided  affinity  between  the  earths.     The  quantity  of 
carbonic  acid  alfo,  which  mafl  of  courfe  combine  with  the 
potafh,  during  the  treatment  of  the  filica  by  that  alkali,  fliould 
be  taken  into  account,  ih  confidering  the  caufe  of  the  preci- 
pitate. 

The 
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The  folutions  which  I  ufed,  of  all  the  above  falts^  were  in 
the  mod  concentrate  flate;  therefore,  in  the  (late  mod  &• 
vourable  for  (howing  precipitation,  if  any  had  taken  place. 

It  is  not  very  difficult  to  account  for  the  appearances  thatCaufet  of  tlie 
deceived  Mr.  Guy  ton  in  his  experiments,  and  for  the  caufe^?"^  *' 
that  produced  them.  In  one  inftance,  he  obtained  a  precipi- 
tate from  muriate  of  lime  and  of  alumina,  becaufe^  in  all  pro« 
bability,  the  alumina  he  diffolved  in  muriatic  acid  had  been 
precipitated  from  alum ;  and  alumina,  thus  prepared,  retains 
a  fmall  portion  of  fulphuric  acid*.  In  the  next  place^  it  is 
very  likely  that  his  folutions  were  fufficiently  concentrate  to 
give  a  precipitate  of  fulphate  of  lime.  The  (ame  was  the 
cafe  with  regard  to  his  mixture  of  muriate  of  flrontia  with 
muriate  of  alumina.  As  to  the  general  conclulion,  that  ba- 
rytes  has  an  affinity  for  lime,  magnefia,  and  alumina,  which 
flrontia  does  not  appear  to  poflefs,  it  is  to  be  explained  as 
follows.  Lime  often  contains  a  little  fulphate  of  lime.  Mr. 
Gay  ton's  magnefia,  as  well  as  his  alumina,  had  probably  been 
obtained  from  the  fulphate ;  and  we  are  indebted  to  Mr. 
Berthollet,  for  the  true  nature  of  many  (imilar  precipitates. 

Barytes  is  a  much  more  delicate  (eft  than  (Irontia,  for  ful- 
phuric acid ;  and  therefore,  barytic  folutions  were  af!e6ted  by 
quantities  of  fulphuric  acid,  which  (Irontia  could  not  render 
fenfible.  This  I  have  afcertained  to  be  the  cafe  :  for  I  have 
obtained  copious  precipitates,  by  barytes,  in  a  liquor  com* 
pofed  for  the  purpofe,  wherein  (Irontia  did  not  produce  the 
froalleft  cloud,  or  (liow  the  prefence  of  fulphuric  acid. 

A  little  care  and  attention  are  necelfary,  in  preparing  the  He  did  not  tak 
earths,  which  are  to  be  di(rolved  in  the  muriatic  acid,  fQr**"*'"?PP'* 

parinc  lu^ 

thefe  experiments ;  and,  if  Mr.  Guy  ton  had  taken  the  requi-  eardit. 
iite  precautions,  he  would  not  have  been  led  into  error.     The 
objed  to  be  kept  in  view  is,  to  free  the  earth  from  fulphuric 
acid  ;  and,  if  this  be  obtained,  there  is  not  the  fmalleft  pre- 
cipitate or  cloud,  in  any  of  the  cafes  I  have  mentioned.     If 

^  It  is  fbmewhat  fingular,  that  Guyton  (hould  have  obferved  thil 
fa£l  elfewhere.  See  his  experiments  ou  the  diamond,  in  the  AtmaUs 
dt  Chimit*  The  preparation  of  a  barytic  falt|  by  alumina  prepared 
from  the  fulphate  of  this  earth,  had  been  obfenred  by  Scheele,  in 
his  Effi^  on  the  Afinities  9fBoiiUs,  But  that  great  chemiR  referred 
the  phenomenon  to  its  right  caufe«  vii,  to  fome  fulphuric  acid  re« 
niaining  in  ail  alumina  thus  prepared. 

C  2  anv 
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any  Turlher  proof  be  necdTary,  with  regard  to  (he  caiifis  of 
precipitates  obtained  in  the  manner  flated  bj  Mr.  Guyton^  I 
may  add,  that  I  have  repeated  his  experiments,  and  hmte  al- 
ways found  the  precipitates  to  be  fulphate  of  barytes. 
Mr.  KJnMHi  hM     The  general  conclufion  to  be  drawn  from  the  obfervations 


SST^y^  ^  of  Mr.  Kirwan,  already  alluded  to^  is,  that  barytes  has  an  af> 
finity  for  lime,  magnefia,  and  alumina,  upon  which  earths 
ilrontia  does  not  feem  to  have  any  Influence. '  But  thefe  mii^ 
takes  are  to  be  accounted  for  in  the  fame  manner  as  thofe  oC 
Mr.  Guyton,  viz.  by  fulphate  of  barytes  being  much  lefs  fold- 
ble  than  fulphate  of  ilrontia,  and  therefore  (howii^  the  pre- 
fenceof  a  fmaller  portion  of  fulphuricacid,  or,  in  other  words, 
being  a  much  more  delicate  teft  for  that  fubftance.    . 

Letter  in  Ni-         With  regard  to  the  letter  already  mentioned  as  being  in- 

chottbo't  Jour-  feried  in  Nicholfon's  Journal,  and  which  drew  fome  reflec- 
tions from  Mr.  Guyton,  it  is  neceffiiry  to  examine  as  much  of 
it  as  may  be  thought  objectionable. 

aflertiiis  that  ^        The  author  (ays,  that  he  repeated  the  experiments  of  Mr. 

■iute  of'fiUcj'it  Guy^^i^>  ^1^  ^  allLaline  folution  of  filica  and  alumina,  and 
kiMt  in  acids,  that  he  obtained  a  precipitate ;  which  precipitate,  though  con- 

^'fii'with^     **"*'"8  fi^>«*»  W"  ^^^b  Soluble  in  the  adds.     "  Here,'*  he 
alkalis  muft  be  fays,  "  the  properties  of  the  filex  mufl  beconfiderably  altered. 
lalJacious.         •j^jg  Jn^j|  render  all  analyfis  with  albdis  fufptcious ;  and  (hews 
on  what  fiillacious  grounds  the  proud  dominion  of  chemiftry 
reds,  which  flie  has  exercifed  fo  long,  in  fuch  an  arbitrary 
and  overbearing  manner,  in  the  mineral  kingdom.''    This 
This  hA  is  on  opinion  is  by  no  meaBs  likely  to  overthrow  the  pretentions  of 
trea^VmJ      chemiftry;  for  the  very  circumftance  of  rendering  ftlicafolu* 
proTeawnt  in     ble  in  the  acids,  is  one  of  the  difcoveries  that  has  moft  con- 
modcra  aaalyiii  tnbuted  to  render  certain,  and  to  extend,  our  knowledge  of 
analyfis.    No  earthy  fubftance  is  now  thought  fit  to  be  fub* 
mitted  to  further  experiment,  till  a  complete  folution  of  it  in 
an  acid  be  firft  obtained ;  and,  when  that  fohxtion  cannot  be 
eflTeded  dire^Iy  by  the  add,  it  is  always  attempted  by  pre- 
vious fufion  with  an  alkali.    This  mode  of  rendering  filica 
foluble  in  adds,  is  no  new  difcovery ;  it  has  been  long  known  ; 
and  the  analyfis  of  minerals  has  never  been  brought  fo  near  to 
truth,  as  fince  it  bar  become  an  indifpenfable  condition. 
Alamina  it-  I  have  no  doubt  as  to  the  fa6l  of  a  predpitate  being  formed^ 

'^^^      by  mixing  together  an  alkaline  folution  of  filica  and  alumina. 
Alumina  indeed  appears  to  exercife  an  attra6tion,  as  I  before 

4  Hated, 
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lUlcd,  fbtfilica,  for  raagiiefia,  and  for  lime.     All  Sloncs  i 

wbich  there  i!  but  liulealuniiiin,  and  agrcol  quaiitilyorfilica, 

teftve,  after  t'uitoii  wiili  pouQi,  a  light  and  flcccuk-nt  fub- 

flance,  which  cannot  be  diflblved  by  the  aiids  :  thU  fubJlancv, 

iiowever,  which  is  Ulica,  hai  bc<;ii  in  Tolution  in  the  alkali. 

But,  if  a  greater  proportion  of  alumina  be  prefcnt,  none  ofinJprrinioiMl^ 

thu  llocciilent  pre<:ipitate  appears ;  hence  it  is  evident,  (hai  "  "    "^'        \ 

alumina  mull  determine  itt  fululinn.     Its  eafy  folubility.  in  the 

latter  cafe,  cannot  depeiul  upon   the  divilion  of  the  particlci 

of  the  lilica  in  the  flone ;  for,  in  ilie  firft  place,  after  being 

fufed  with  potatti,  llie  tenuity  of   the  parliclei  of  every  flone 

mu/l  be  nearly  Ilie  fame ;  and,  in  the  next  place,  i  liave  not 

obfetved,  that  any  earth,  except  alumina^  can  promote  the 

cliomical  fdution  of  the  filica,  though  they  mull  all  occaAon  j 

ill  mechanical  divifioii.  ' 

Al  to  the  alhnity  of  alumina  for  magnclia,  it  is  by  much  Alumina  verf 
the  moll  powerful  of  all  thofe  which  any  of  the  earths  have  P"'^''^""'' "'" 
far  eadj  other.     I  attempted  to  precipitate  magnelia  from  ^ 

raurialic  acid,  by  ammonia,  even  in  excefi ;  but  found  that 
the  whole  muriate  of  magnelia  had  not  been  decompofed,  and 
lliat  a  ittple  fall,  or  an  ammonlacnl  muriate  or  magnelia*, 
bad  bi.'ca  liirmed.  i  then  poured  an  excefs  of  ammonia  into  a 
Iblutiun  of  muriate  of  magnefia,  ntlxed  with  a  large  proporiion 
of  a  folution  of  muriate  of  alumina.  All  the  earth  was  preci- 
pilated;  and  nothing  remained  in  folution,  except  muriate  of 
ammonia.  The  liquor  was  then  filtered,  and  the  precipitate 
walked  and  dried,  1  diffolved  it  in  muriatic  acid,  and  boiled 
it  with  a  great  e\ce(i  of  potalli.  Some  alumina  was  taken  up, 
but  by  no  means  all  the  quantity  that  had  been  ufed.  The 
precipitate  which  had  refiiled  the  action  of  potalh,  was  again 
dilTelved  in  muriatic  acid,  and  precipitated  by  carbonate  of 
potafti.  The  carbonate  of  magnefia  was  held  in  folution  by 
Ihe  excefs  of  carbonic  acid  ;  and,  by  uGng  poIaQi  and  carbo- 
nic acid  aJternalely,  (the  lirJl  to  dinblvo  alumina,  Ihe  fecond 
to  dillblve  carbonate  of  magnefia.)  I  etfcAed  a  feparallon  of 
the  earths.  Thefe  experiments  Ihew,  that  there  is  an  affinity 
between  alumina  and  magnelia,  and  a  certain  point  of  falu- 
ration,  where  the  action  of  potalh  upon  alumina  is  wholly 
CounteraAed  by  the  affinity  of  that  earth  for  magnefia. 

•  Thij  fait  ii  well  known  in  chcmiftiy. 
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Alaroina  aN  When  a  folution  of  potafh  is  boiled  upon  a  mixftore  of  lime 

trias  lime;       ^^  alumina,  Ihe  alumina  is  diflblved,  together  with  a  much 
which  becomes  ,         ^  ..111       ..^ ,   . 

diflbived  in  pot-  greater  portion  of  lime  than  can  be  attributed  to  the  dtUomng 

»&  along  with    power  of  the  water  alone.     But,  if  a  folution  of  potalhbe 

boiied  upon  lime,  without  alumina,  no  more  lime  is  taken  «p 

than  would  have  been  diflblred  by  an  equal  quantity  of  water 

not  containing  potafh    in    folution;    confequently,  alumina 

feems  really  to  promote  the  folution  of  lime  in  potafh.     The 

affinity  of  alumina  for  lime,  I  had  mentioned  in  the  paper-  to 

which  I  allude  j  gnd  it  has  fince  been  noticed  by  Mr.  Van^ 

quelin  *. 

GoytonS  con-       If  the  conclufions  of  Mr.  Guyton  had  been  well  founded,  •  it 

dufioni,  iftrue,^oulj  have  been  chemically  impoffible  to  arrive  at  truth  in 

would  have  ren«  ^         "^ 

dered  analyfis     analyfis.    There  were  already  real  difficulties  enough  to  be 
w^rtain.         overcome;  and  Mr.  Berthollet  has  lately  difcovered  foroe, 

which  are  not  fo  eafily  anfwered  as  thofe  I  have  jufl  confi- 

dered.     The  pofition  of  this  chemifl,  however*  has  been  too 
Objedion  to       generally  extended  by  him.     If  the  power  of  .maffes  were  as 
^^"*^'^*^^^- great  as  he  reprefcnts  it  to  be,  and  if  it  increafed  ad  in/kutum, 
lefpeaing  at-    in  proportion  to  the  mafs,  it  mufl  follow,  that,  with  any  given  ' 
tnaioD  from     fubfiance,  we  could  decompofe  any  compound,  provided  the 

mafs  of  the  decompounding  body  were  fufBcientJy  great ;  but 

this  is  well  known  not  to  be  the  cafe. 
From  the  experiments  which  I  have  related,  it  appears  to 

be  proved, 
ItecapituUdon        1^<  That  there  exifls  an  affinity  between  filicaand  alumina. 

of  the  affinities       2dly.  That  there  exifls  a  very  powerful  affinity  between 

of  the  earths.       1       •  ^  r 

gg^^  '     alumina  and  magneua. 

Sdly.  That  alumina  fliews  an  affinity  for  lime ;  but  that  the 
(aid  affinity  is  not  fo  flrong  as  Mr.  Guyton  had  fuppofed,  nor, 
if  pure  reagents  he  ufed,  is  it  to  be  perceived  under  the  cirw 
cum  fiances  Hated  by  him. 

4thly.  That  Mr.  Guyton  was  miflaken  in  every  infbmce  of 
affinity  between  tiie  earths,  excepting  in  the  cafe  of  filica  with 
alumina,  which  had  been  obferved  before  his  experiments ; 
and  tliat,  in  the  other  cafes,  he  has  attributed  to  a  caufe  which 
does  not  exifl,  phenomena  that  muH  have  refulted  fiom  the 
impurity  of  his  reagents. 

*  Scheele  was,  in  fa£l,  the  firf(  who  perceived  this  affinity.  See 
his  Efay  oh  Siltx,  Ciaj^^  tmd  JUmfiin^. 

athiv. 
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5th\y.  That  neither  the  experiments  of  Mr.  Guyton,  nor  the 
opinion  maintained  in  the  leiter  from  Freyberg^  are  fufficient 
to  diminiOi,  in  any  degree,  the  value  of  the  aflillance  mineral 
logy  derives  from  chemical  invcfligation. 

IV. 

A  Memoir  0n  the  Mvfical  Sounds  produced  in  Tubes  by  Hidrogen 
Gas,  Read  to  the  Society  qf  Philojbphy  and  Natural  Iliftory 
ai  Geneva.     /?^  G.  Delarivk  *. 

In  a  former  meeting  our  learaed  colleague^  Profcifor  Pidet,  Profeflbr  Pic- 
communicated  lo  the  Society  a  feries  of  experiments  on  the  mii-  ^^*  yfi![!aV  bet 
fical  founds  produced  in  tubes  by  hidrogen  gas,  in  which  he  de-  by  hidrastB.  - ' 
velopcd  the  various  mulical  phenomena  which  thefe  tubes  pro- 
duce.    He  explained  the  effed  which  the  length  or  width  of 
tlie  tube,  and  the  fituatton  where  the  hidrogen  is  burned,  have 
on  the  founds  produced.     As  to  the  caufe  of  the  found,  he 
gave  only  a  few  conjectures ;  his  inquiries  not  being  directed 
to  that  objed.     The  purpofe  of  the  prefcnt  memoir  is  to  difco- 
ver  this  caufe. 

ProfefTor  firugnatelli  is,  1  think,  the  firfl  who  publiOied  the  Publication  by 
experiment  I  have  endeavoured  to  explain  f :  It  was  invented  ^'"K'^^^^h. 
by  a  German.     I  (hall  here  relate  the  principal  circumflances. 

If  a  current  of  inflamed  hidrogen  gas  be  inclofed  in  a  tube  Deicription  of 
of  an  elaAic  and  fonorous  material,  fuch  as  glaf^,  metal,  dry  ^*  "^""^S^ 
wood,  &c.  the  tube  after  an  interval  of  fome  feconds,  will  gen  in  a  tube^  to 
produce  a  muiical  found.    If  it  is  open  at  both  ends,  the  found  ^7f"^H*  "**^' 
will  be  flrong  and  full.  It  is  poffible  however  to  fucceed  with 
a  tube  hermetically  clofed  at  one  end,  provided  its  diameter  be 
large  enough  to  allow  of  a  circulation  of  atmofpheric  air  fuffi- 
cient to  keep  the  gas  in  a  (late  of  combuftion.     The  condi-  The  tube  moil 
tioiis  eflential  to  the  fuccefs  of  the  experiment  are,  ^firft.  That  **  «l«ftic} 
the  tube  be  eladic  and  capable  of  forming  an  echo,  Uiat  is  to 
fay,  capable  of  refleding  the  undulations  which  proceed  from  the 
fonorous  point ;  for  no  found  will  be  produced  with  a  tubeof  paile-  *    ^ 

board  or  paper :  and,Jecondly,  The  flame  mufi  be  produced  by  and  the  flme 

from  hidrogen* 
•  Journal  dc  Phyfique,  LV,  165. 

f  Dr.  Higgins  difcovered  it.    See  Phil.  Joumali  new  (eriet,  L 


F 

H  a  current  of  hidrngen  ;  for  an  inflamed  f^team  of  the  rapocrs 

r  of  alcohol  or  ether,  a  lighted  (aper,  &c.  are  incapable  of  pro- 

ducirig  dnj  found. 

CiKumnincu,        Let  us  now  examine  (he  circumflancei  of  the  experitnejit. 

The  pbce  ef      There  mud  be  a  point  w  hich  may  be  called  thejbnorom  paini  ; 

thf  (booroui       ^'  which  the  vibrationi,  comraunicatitig  an  imdulatorjr  motion 

point.  lo  the  air,  are  produced.  Tbit  point  is  the  place  of  combuHion; 

for  if  this  be  made  to  alter  its  iiluation,  the  founds  will  vary,  ai 

fM.  Piflet  has  pro-ed  in  a  feries  ofexperinienls.  He  ha^tik^- 
wifc  obfcrved,  by  moans  of  fmoke  with  which  he  filled  (he 
tiibsj  a  continual  fucccflion  of  vibrations  at  this  point ;  Ihefc 
vibrations  produce  the  wnves,  which  proceeding  with  a  deter- 
minate velocity,  (Irike  againfl  the  fides  of  the  tube,  and  arc  re- 
ceded M  ilh  a  velocity  equal  lo  that  with  which  they  arrived, 
VnJaluiani  at  When  the  difiancc  of  the  fides  of  the  tube  is  fuch  that  the  aU 
KcnJd'wiih'ihe  '""^le  rellefiions  are  equal  lo  the  vibrations  natural  to  the  Co. 
icioniutccliaof  norous  caufc,  the  found  increafcs  in  intenfity,  and  becomes  mu- 
(hctiib*.  fically  apprctiable.     It   appears  tikewife  that   the  waves  thus 

reflctlcii  do  re-aCl  on  the  priroilivu  vibrations  produced  al  ihe 
place  of  combuftion,  fo  3.5  lo  render  them  harmonioudy  rcgu- 
The_ found  doH  lar.     For  a  certain  fpaceof  limcis  almoft  always  nccefl^ry  be- 
■  tore  the  infirumenl  acquires  a  regular  and  full  found  ;  and  tlte 
Ititone.  tone  or  pitch  of  the  tube  will  be  more  or  Icfs  acute  according 

to  the  greater  or  lefs  number  of  undulatioiii  which  take  place  in 

Thelemp«ritaK      There  is  another  fa£l  elTenlial  fo  be  obferved  in  this  expetl- 

tubetifiDMtdH"^*"''      '"''^  temperature  of  the  column  of  air  U  not  the  fame 

ibc  bumine       through  all  its  length.    A  t  the  fonorous  point,  that  is  to  fay  the 

P*'"'"'^^'"  place  of  combuftion,  the  temperature  is  very  high;  fi>machfi> 

that  the  end  of  the  adjutage  of  Ihe  glafs  through  which  the  hi- 

Aieohol  or  ether  drogen  paffes,  is  conftaittly  in  a  fiate  of  ignition.     If  an  in- 

«ee  of'heJu"     "^""^  llream  of  the  vapours  of  alcohol  or  ether  be  fubAituted 

inftead  of  the  hldrogen,  the  heat  U  evidently  lefi.     From  fome 

experiments  it  alfo  fcems  probable  that  the  temperature  of  the 

room,  and  the  purily  of  its  air,  may  affefl  the  fuccefs  of  the 

experiment. 

Conjeflure  tlia:      My  experiments  have  been  direfled  to  afcertain  the  caufe  o( 

thtfouiwii        ihofe  phenomena,  how  and  by  what  means  thcfe  fonorous  »i- 

rapid  ptodunianbrationa  are  produced.     We  know  that  water  is  formed  du- 

■nd  toilipfion  ofri„g  (he  combuiiion  of  hidrogcn  :  this  water  appears  in  the 

j^ueooi  rapour.  j.^^^  of  vapoUf.     The  temperalure  of  the  place  of  combuff  ion 

being 


MOSICAL    aOUNOI    PBODCCeO    BV    UIDKOGRN    CAt. 

being  very  elevated,  ihefc  vapours  mull  occupy  an  exienCvc 
rpacei  liut  by  imincdialely  comiog  into  conlaa  with  a  cold 
aif,  their  volume  mufi  rapidly  dimintni.  A  vacuum  mull  thus 
i>e  formed  into  which  the  air  muft  coilapfu,  and  be  again  driven 
by  other  vapours,  which  again  contrafl  in  their  turn.  Do  not 
the  vibrations  refultfrom  Ibefe alternate  motions,  produced  by 
the  great  cxpaulion  and  fubfequcnt  conlrafliun  of  the  va. 
pouri  "  ?  Such  were  the  conjeflurci  that  might  be  lurtned  as 
to  the  prc^bje  caitfe  of  the  phenomenon ;  but  accident  hdt 
prcfeiued  me  a  fail  which  appeari  to  give  them  liime  vveight. 

I  had  a  thermometer  lube  nf  about  one  line  in  diameter,  at  Sound  piodaRi' 
Ihe  extremity  of  which  was  a  fmall  bulb :  there  was  a  drop  of  |'_J'  ^^^*^"^^ 
M-ater  which  1  wilhed  to  expel  frwm  it ;   for  ihii  purpofe  I  re-  icr  bulb  issd 
peatedly  expoled  the  bulb  to  the  tiame  of  a  lampwith  alcohol, '"'"• 
aiid  was  agreeably  Airprifcd  to  hear  a  mufical  found  proceed 
from  the  tube. 

In  order  that  this  experiment  may  faceted,  a  tube  of  one,  Inftmaiani  fvr 
two,  or  ttiree  lines  in  diameter,  IhouM  be  taken,  of  three,  f«w,  "'i'j^,''*"' 
or  live  inches  in  lengili,  with  a  bulb  at  one  of  the  esEtremitJes, 
in  diameter  about  lliree  timei  that  of  tJie  tube ;  it  need  not  be 
very  regular,  |f  it  were  even  a  little  flattened,  I  think  th« 
fouud  would  be  louder.  A  very  fmall  quantity  of  water  or 
mercury  muti  then  bo  introduced,  and  cxpofe  it  to  a  flrong 

*  It  appears  probable  ta  m:,  that  the  Ibund  produced  by  air  pre-  The  tetni  of  il 
cipitating  itfelf  into  a  vncuura,  is  more  intenfe  than  that  refuliing  fill'"*  into  •  »» 
from  an  expanfive  force.  The  horrible  ooifc  ofcafioned  by  the  '^*-^J^]^Jl[ 
tonation  of  (bap  bubble!  of  hidrogen  and  oxigcn  it  well  koown,  ihaa  ^,  | 
though  the  lighten  objefis  furrounding  the  balbn  are  not  even 'iplaGaa. 
Aaken.  Whence  it  may  he  concluded,  that  the  phenomenon  is  pro- 
duced by  the  fudden  raeuum  procetding  from  ihc  deltruflion  of  the 
gafet.  The  d*tan»ion  of  a  pirtol  with  inflammable  gai  Is  much 
greater  than  that  of  an  air-gim,  iho-ugh  the  cifcft  is  leli  conlider- 
ablci  probably  becaufa  a  vacuum  in  the  piftol  fuccecdt  the  firft  ea- 
pinfive  fore*-  The  child's  toy,  called  the  htinMVig  Itf,  is  well  -x-he  hitmaSim 
known.  It  ii  ahollow  fphcre,  with  an  opening  at  its  circumference i  f^ 
it  produces  a  very  ftrong  humming  naife  when  fpinned  rapidly  on  iit 
axil.  What  may  be  the  caufc  of  ihi*  humsung '  I  think  it  is  ihs 
fame  as  that  which  I  have  juA  menlioncdi  the  centrifugal  force 
drives  the  air  from  the  fphere  through  the  opening;  a  kind  of  »a. 
cuum  is  made,  into  which  the  external  air  continually  prelTes,  and 
h  conllantly  drifco  bick}  whence  proceed  •  fehes  of  Ibnorous  oC- 
cillalioii).— D. 

heat 
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heat ;  dial  of  a  lamp  with  alcohol  is  commonly  faflficient ;  bat 
the  flame  mud  be  large  and  flrong  when  the  tube  is  large. 
After  the  tube  has  been  thus  expofed  for  a  few  feconds^  the 
found  is  heard.   Thofe  tubes  whofe  diameters  are  coniideni>le 
give  a  deep  found,  and  the  fisse  of  the  bulb  Ukewife  feeoM  alfo 
to  contribute  to  the  fame  efllie^ :  the  found  continues  for  (everal 
(econdsi  and  then  gradually  decays,  and  st  length  entirely 
ceafes.     By  fufiering  the  apparatus  to  cool,  and  caufing  the 
condenfed  liquid  to  defcend  into  the  bulb,  the  experiment  may 
be  repeated  as  often  as  (hall  be  thought  necefliiry. 
iBTcftigatJOffi  of      Such  is  the  experiment  by  means  of  which  I  think  the  phe- 
Wth  kiiitfi  of     noraenbn  of  the  mufical  tubes  may  be  fatisfa€torily  explained. 
Let  us  lirft  examine  what  paifes  in  the  tubes  with  bulbs,  with 
the  eflfential  conditions  under  which  they  produce  their  found, 
and  then  endeavour  to  difcover  the  (sufe.     I  will  then  com- 
pare it  with  the  found  produced  in  tubes  with  hidrogen,  and 
enquire  in  what  refpeds  the  efflfeds  produced  by  thefeiwo  in- 
Aruments  refemble  one  another,  with  the  differences  they  pre* 
fent,  and  the  caufe  of  thofe  differences. 
Conditions  for        The  conditions  eifential  to  the  produdion  of  found  in  tubes 
tke  tube  and      ^i^j,  j^lj,5  ^^^  j^^  Tj^^t  the  tube  ttiould  have  a  bulb.     I 

There  mud  be  a  never  could  excite  fonorous  vibrations  .in  a  tube  (imply  dofed 
bulb ;  at  one  end.  2d,  This  bulb  muft  contain  an  evapourable  liquid. 

conuining  wa-   Water  fuccecds  very  well,  but  it  has  this  difadvantage ;  it 
^'  *  forms>  in  pafTing  from  the  vapourous  to  the  liquid  ihite,  a  drop 

of  water  in  the  tube,  which  often  completely  obflru^s  it ;  and 
at  other  times,  by  running  along  the  warm  part  of  the  glafs,  it 
or  rather  mer-     frequently  breaks  it.     Mercury  has  not  this  inconvenience  :  I 
«"'y  5  never  could  fucceed  in  producing  founds  with  ether,  alcohol, 

aloohol,  or  fuiph.  or  concentrated  fulphuric  acid.     The  founds  are  influenced  by 
acid.  the  quantity  of  liquid  contained  in  the  bulb.     It  fliould  be  as 

be  very  (mall  in  fmall  as  poflible.     If  there  be  too  much,  the  vapour  fills  the 
quantity.  tube,  and  by  completely  expelling  the  air,  renders  it  equally 

warm  throughout,  and  no  found  can  then  be  produced.  3</, 
The  beat  muft  The  third  condition  eflential  to  the  fuccefs  of  this  experiment, 
be  ftrong,  to  the  jg  jh^  application  of  a  ftrong  heat  to  the  bulb  while  the  reft  of 
and  Uie  tube  *^®  *"^®  conthiues  cold ;  for  if  there  be  not  a  marked  diflfer- 
kept  cold.  ence  in  the  temperatures  of  the  tube  and  of  the  bulb,  no  fono« 
There  muft  be  rous  effed  will' take  place'.  4M,  The  prefence  of  atmofpheric 
Ibnwair  inthc   j^jj.  j^  ^^  ^^}^  jg  indifpenfable ;  if  it  be  entirely  excluded,  na 

eflfedt  will  be  produced ;  and  in  every  fiage  of  the  experiment 

it 
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it  will  be  found  that  the  vapour  occupies  only  a  certain  part 

of  the  inflrument,  and  Ihat  air  is  always  prefent.     I  have  fre-Probf  of  this. 

quently  endeavoured  to  determine  the  cxad  fpace  occupied 

by  the  vapour  at  the  moment  the  found  was  heard,  and  I 

ibund,  at  lead  in  the  fmall  tubes,  that  it  was  nearly  equal  to 

the  volume  of  the  bulb.     In  order  to  determine  this,  I  clofed 

the  orifice  of  the  tube  with  my  finger  at  the  moment  it  began 

to  found ;  I  then  plunged  the  end  of  the  tube  in  mercury, 

withdrew  my  finger,  and  fuffered  the  apparatus  to  cool.     I'he 

vapour  thus  became  condenfed,  and  the  fpace  it  occupied  wa^ 

eAimated  by  the  quantity  of  mercury  which  tlie  prelTure  of  the 

atmofphere  caufed  to  rife  in  the  tube. 

Such  are  the  four  conditions  effential  to' the  produdion  ofR^ecapituUtMO* 
founds;  namely,  a  bulb  at  the  extremity  of  the  tube ;  the  pre- 
fence  of  a  very  fmall  quantity  of  water  or  mercury  in  this  bulb ; 
the  application  of  a  ftrong  heat  to  it,  whilft  the  remainder  of ' 
the  tube  remains  cold  ;  and,  laflly,  the  fimultaneous  prefence 
of  atmofpheric  air  and  vapour  in  the  apparatus ;  it  is  fcarcely 
neceffary  to  add,  that  the  oriAce  of  the  tube  fliould  be  always 
open.     Let  us  now  confidcr  what  may  be  the  caufe  of  the 
found.     I  firfi  endeavoured  to  determine  whether  any  chemi-  The  found  ii  not 
cal  dccompoBtion  of  the  liquid  employed  took  place.     For  this  J[^^^^*l*' 
purpofe  I  ufed  a  tube  fufficiently  long  to  permit  all  the  liquid 
(o  condenfe  in  it ;  I  weighed  it  carefully  before  I  fubje6ted  it 
to  experiment,  and  found  that  its  weight  was  neither  aug- 
mented nor  diminifhed  after  repeated  produdions  of  found : 
Whence  I  conclude,  that  the  caloric  has  no  cliemical  effed  on 
the  liquid,  but  that  it  only  experiences  fucceffive  evaporations 
and  condenfations.     Muft  we  then  attribute  the  found  to  the  ^  bj  evapon- 
evaporation  and  condenlation  of  the  liquid  }  I  thought  fo  at  |j|J-°    .  **"*^*' 
firfl,  but  the  following  confiderations  made  mc  alter  my  opi- 
nion :  I  firfl  obferved  tliat  it  was  poiBble  to  have  a  fucceflive  for  thefe  laft 
evaporation  and  condenfation  of  the  liquid,  without  producing  ^VL  ^^r^"f»i 
found  :  this  was  efiedcd  by  applying  heat  not  fufficiently  in- 
tenfe  to  produce  found.    Secondly,  When  the  experiment  was 
made  with  a  drop  of  water,  I  always  found  that  the  moment 
when  the  apparatus  began  to  found,  was  that  at  which  the 
whole  6uid  had  evaporated,  and  confequently  that  the  caloric 
ads  on  the  vapour  alone.     While  the  fmalleA  atom  of  liquid 
water  remained  in  the  bulb,  no  found  was  produced.     From 
thb  fad  I  have  dedttcpd^  that  the  found  is  produced  by  the 
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aftion  of  caloric  on  ihe  vapour  »nd  iU  rc-aflion  od  (he  almo- 
bg[  to  >  irfmii.  fpj.erie  air.      I  conceive  Ihal  this  phenomenon   lakes  place  in 
MdVinM-^aion   'he  following  manner  :  The  vapouc  contained  in  ihe  bulb,  by 
of  iheiijfouT;  means  of  an  addition  of  caloric  applied  on  all  fides  and  in  great 
quantity,  acquires  an  augmentation  of  volume  and  claflicity  ; 
it  rapidly  psITes  from  the  bulb  into  the  lube,  and  drives  out  the 
air  contained  in  it ;  but  this  air  and  the  fides  of  ihe  tube  caule 
it  apain  to  lofe  a  portion  of  its  caloric,  and  its  i-olume  imme- 
diately diminilVien.     A  vacuum  is  thus  made,  and  the  air  re. 
fumes  its  primitive  fituation.     Another  addition  of  caloric  re- 
liorei  iti  elallicity,  which  ii  fpeedily  lofcs  in  the  fame  inannef. 
A  ferie^  of  ofcillations  by  this  procefs  give  Ihe  air  an  undulat* 
ing  motion;  and  the  waves  being  relieved  by  theildes  of  (he 
tube,  become  fonorous  and  appreciable  as  Toon  as  their  pro- 
grefs  and  reccfi  are  ifoctironous  vvith  the  ofcillations  produced 
It  retmivifthtby  the  caufc  here  pointed  out.     There  are  lome  tube»  which 
dit^pouieuiht"*^*''  produce  any  Ibund:  In  lliis  cafe  I  prefume  that  the  ad- 
iD  be  ifochinnout  vance  and  reccfs  of  the  ^vavcs  cannot  harmonize  with  the  pri- 
""^^onof'ihe  '"'•'ve  ofcillaticais.  but  that  the  one  deflroys  liie  other.  After  a 
tubce°"!"<(^*'yCB"^i" '■■"C  "'*'  found  diminishes  and  dies  away:  Tht)  ii  ex- 
'» Jj^t*"  ""*     plained  bj-  the  propagation  of  the  heat  along  tlie  Cdcs  of  the 
Theft  foDDiIi    tube  when  the  biJb  is  lery  warm  and  the  tube  cold.     The 
«afe  " '"*"  "  vapour  when  firfi  driven  from  the  bulb,  Juddcalj/  lofei  a  part  of 
cscM  ton  hot  toi'^  volume,  and  the  ofcillations  thus  produced  are  (Irong  and 
oeca6on<hefud-frequent;  but  when  the  tube  has  acquired  a  certain  degree  of 
«f "tbe  viDDur.    beat,  the  vapour  then  gradaallj/  dirninilhes  in  volume  as  it  palTes 
from  a  very  high  temperature  to  a  fituaOon  ccrUinty  lef»  watm. 
though  of  a  fufHcient  degree  of  heat  to  caufe  the  ofcillalions  to 
Xipetimtoti  in  become  weaker,  and  at  length  entirely  to  ceafe.     That  this  is 
cMtArmaiion.      ^^^  caufe  of  the  celTalion  ol'the  found,  may  be  Oltiwn  by  apply- 
ing a  llrong  heat  to  the  part  of  the  lube  already  warmed,  and 
at  the  fame  time  keeping  up  the  firll  degree  of  heat  at  the  bulb. 
By  this  means  the  limit  of  temperature  it  again  precifely  deter- 
mined, and  the  found  reproduced  in  all  its  force.     It  may  eafily 
be  conceived  that  the  fubltance  of  the  tube  ought  to  be  a  noii* 
eonduciorof  heat,  and  onlhisaccountglafs  is  preferable  to  any 
other  fubflance. 
CeacTTiinE  the       Let  us  now  compare  Ihe  tubes  which  found  by  means  of  bi- 
£"hy  '""'""'''iroge"  wit!'  'bofe  with  bulbs.     In  the  fijrmcr  we  have  every 
RrpriMcnof     condilinn  necelTary  to  the  produfUon  of  fuund ;  a  very  hot 
^.^"i[^'    vapour,  and  .copreqnentljr  very  elafUc ;  fw  as  we  <^en'ed. 
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!j€  period  of  combuflion  is  at  fo  higli  a  temperature,  that  iiEKpmliont  mi 
.Iw.y.  ig„i,o  th=  lip  of  the  El.r,  luU :  Ms  hoi  d.Bio  v.po»r,  :;|S^,'^„ 
«t  tfactnomctilofitsproditflion,  conies  in  contact  wtlh  thccold  ncicttiepoiniDf 

hich  eiiien  tbrougli  the  boltom  of  the  tube  and  goe^  gotcombuftion. 
Bt  (he  top.  lis  volume  mull  be  diminifiied  the  tuftant  it  jinkes 
Ibis  air  j  other  lieaied  vapours  fuccecd  the  tbrnier,  mid  are  alfo 
conlra^ed  :  this  alternate  expanfion  and  contraftiun  produces 
<he  undulalory  motion  of  tlie  air,  and  c;iufe5  Oie  fonorous 
waves. 

•    We  have  found  that  an  inHamcd  Aream  of  alcohol  or  ether  A'w'"'  *Bi 
|iroduced  no  found  in  a  lube.     This  is  a  proof  of  my  obferva- j^^ "1^^^^"^^ 
lion,  that  tn  order  to  produce  found,  there  tniiH  be  a  great  dif- produce  eliftie 
fcrenre  in  the  temperature  of  the  vapour  and  the  arobieni  air.  ^"ji'Ji*  ,',^j|y 
1'bere  is  certainly,  in  this  ca(c,  a  formation  of  vapours  and  (nc-  nor  rotdiy  con- 
OelTivecoDdenfations,  for  (he  water  rum  alung  the  lidesof  Ihe^"*'*''" 
lube  ;  but  the  point  of  combuJIion  is  iiilinitely  Ivk  hot  than  that 
hidrogL'n,  confequcntly  the  vapour  produced  i:  much  Icfs 
'keated  and  elaflic.     This  cafe  is  fimilar  to  that  formerly  men* 
tioned,  where  it  was  Ihewn  that  vaporization  and  fncceflive 
iJenfation  of  the  litjuid  might  be  effe^cd  without  fonorous 
Inlation,  merely  by  expofing  the  bnlb  to  a  certain  degree  of 
t  not  intenfe  enough  for  this  laft  purpofe.     We  cannot  be  Vfhj  then  U 
4irptifud  that  there  i*  Icfi  heal  produced  by  the  combuHion  ot  * 

■ioohol  or  ether  than  by  that  of  hidrogen,  if  we  conlider,  that 
I  the  latter  cafe  all  tlie  caloric  contained  in  (he  gas  and  the  at* 
lofpheric  oxigen  which  is  confamed,  becomes  fenGble  heat, 
nd  ia  pafled  totally  into  the  vapour  produced.  On  the  con. 
■ary,  in  the  coinbuftion  of  an  inliammable  fubftnnce,  fuch  as 
alcohol,  the  caloric  ot  the  oxigen  confumed  alone  becomec 
Bllble,  and  this  alfo  is  moflly  abforbed  by  the  production  of 
iibonic  acid  gas ;  fu  that  the  excefs  alone  palfes  into  the  va- 
iQT.  It  is  not  therefore  furpriling  that  the  heat  is  not  fuffi- 
to  giv«  the  vapour  elallicity  fufficicnl  to  produce  founds, 
prcfence  of  carbonic  acid  gas,  which  it  one  of  [he  refultt 
of  the  combuflion,  may  alfo  prevent  the  fonorous  vibrations. 

Thefouiwi  is  much  Uronger  in  the  tubes  with  hidrogen,  tlun  The  found  byv 
in  tbofe  with  bulbs.     It  is  likewife  more  permanent ;  for  the  » '''°*'w' 
tube  being  open  at  both  ends,  a  current  ofcold  ait  conllaiitly  mioeot,  iJ^m(c 
enters  at  the  bottom  and  iffues  out  at  the  top  :  this  current  of""  «">fl»a( 
ut  lakes  up  and  c-arrics  ofl'  the  hot  cMic  vapours,  receive)  ^^j'^Im^^ 
tiieirimpulie,  andbyattrafling  a  portion  of  their  caloric,  di- "'"'">'^'tioni 
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minifhes  their  volame.  This  then  is  the  mod  elTential  conditioii 
to  the  produdion  of  an  intenfe  permanent  found ;  namely,  a 
great  difference  between  the  temperalare  of  the  air  and  the 
vapour ;  and  this  difference  remains  always  tlie  fame,  on  ac- 
Not  (b  in  the  count  of  the  continual  renewing  of  the  air.  The  fame  efie£t 
^"^^*  does  not  take  place  in  the  tubes  with  bulbs,  and  accordingly 

their  found  is  weaker  and  lefs  durable. 
The  (bunds  by       From  the  knowledge  of  this  condition,  that  a  great  diflfer^ 
hidro^  arc  lefs  ^^^^  between  the  temperature  of  the  air  and  the  vapour  is  ne*- 

intcnieina  /  ,  '^ 

warm  loom  filled ceflfary  to  the  produaion  of  found,  it  will  be  eafy  to  compre- 
«'tth  company  5  jj^nd  that  every  cireumffance  which  augments  the  heat  of  the 
current  of  air,  and  diminifhcs  that  produced  by  the  combuftion 
of  the  gas,  will  tend  to  weaken  and  even  to  annihilate  the 
becaafe  the  air  IS  found  of  the  tube.  Thefe  two  circumllances  are  both  found 
warmer,  »nd  thej,^  ^^  warm  room  filled  with  company.    The  current  of  air  in- 

combuftion  ■      •'  ^ 

weaker  for  want  ftead  of  being  cold  is  heated,  and  the  quantity  of  oxigen  being 

9i  osigen.  |efs^  the  heat  of  the  combuff  ion  is  lefs.    It  is  not  then  furpriiing 

that  in  fuch  rooms  the  experiment  does  not  always  fucceed. 

Sounds  by  phof-     firugnatelli  produced  founds  by  the  fimple  combuftion  df 

P^"**  phofphorus  in  tubes.     Some  philofophers  being  perfuaded  that 

fonorous  effeds  could  only  be  attributed  to  hidrogen,  were 
difpofed  to  infer  its  prefence  in  phofphorus.  From  what  we 
have  dated,  it  feems  more  fimple  to  explain  the  phenomenon 
by  the  produdion  of  phofphoric  acid  in  tlie  vaporous  form, 
which  becomes  flrongly  elaffic  by  means  of  the  caloric  difen* 
gaged  during  the  combuffion,  but  of  which  the  volume  dimi^ 
niihes  by  the  contad  of  cold  air.  We  have  here  the  alternate 
expanfion  and  contradiion  neceflary  to  the  produdion  of 
found. 

CoQclu&un,  Such  are  the  fmall  number  of  obfervalions  which  1  have  had 

an  opportunity  to  make  on  the  fonorous  tubes.  I  hope  that 
they  will  intereil  fuch  as  are  more  particularly  engaged  in  this 
branch  of  natural  philofophy,  and  tend  to  dired  their  attention 
to  a  curious  fad  which  has  not  hitherto  been  fufficiently  exa- 
mined. 


ANNOTATION.— W.  N. 

Thit  aqne(Au  ^^  ^^^  fundamental  effed  in  this  very  ingenious  expla* 
Tipont  Is  don-  nation  (namely,  that  aqueous  vapour  is  condenfed  with 
gwtt^^diiy  i    c*^«nie  rapidity),  may  not  appear  to  fome  readers  to  be 

fo 
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fo  fpeedy  as  to  produce  fonoroas  undulation,  I  think  it  will 
not  be  impertinent  to  mention  a  few  &6ts  relating  to  that 
fubjedt.      In  the  fmall   glafs   indniment  called  the   water-  ihewn  by  die 
hammer,  which  is  a  tube  of  about  three  quarters  of  an  inchm'^*^^'^"***'^*'' 
diameter,  with  a  ball  of  about  an  inch  and  half  at  one  end,  the 
other  end  being  hermetically  clofed ;  the  ball  contains  waler, 
and  the  empty  fpace  is  rendered  nearly  vacuous  by  boilmg 
the  fluid  previous  to  fealing  it.     In  this  inflrOment  the  heat  of 
the  hand,  applied  to  the  wetted  tube,  is  fufficient  to  produce 
bubbles  of  vapour  which  enter  the  ball,  but  fpeedily  collapfe. 
The  feries  of  thefe  condenfations  is  as  quick  as  fifteen  or  fix*  ■ 
teen  in  afecond.    But  in  the  fteam  engine  the  condeniation  is  and  by  thefteim 
prodigioufly  more  rapid.     I  have  a  fmall  double  fteam  engine  ^&''^'' 
on  the  conflrudioo  of  Boulton  and  Watt,  having  all  the  parts 
and  gear  of  the  large  engines,  but  its  cylinder  is  only  2^  inches 
diameter,  and  the  length  of  flroke  6^  inches.     When  this  was  a  finaU  ^^»v^ 
fet  to  work  the  other  day,  in  a  lefture  to  my  pupils,  it  gave^?'*"*  woduof 
600*  (Irokes  per  jninute.     By  an  eafy  calculation  it  will  bethe  balance  of  a" 
ihewn,  that  the  fteam  condenfed  was  then  much  more  than  300^»tch  j  and  con- 
cubic  inches  per  fecond;  and  if  the  condeniation,  inflead  of^f^ft^^J'JJJ 
being  effeded  in  malTes  of  about  a  pint  at  a  time,  could  havecond. 
been  performed  by  fucceflivc  coilapfions  of  each -cubic  inch  in 
an  open  fpace,  the  pulfes  would  have  produced  the  tone  of  This  condenla- 
the  lowed  £  flat  in  the  treble  cliff.     But  the  number  of  cubic  ^i<>">  '^f}>7  f^^^* 
inches  condenfed  in  alargefteam  engine,  for  example,  a  three  ^Ji^^^  I*' 
feet  cylinder  with  an  eight  feet  flroke,  will  be  eight  or  nine  very  loud  E  flat. 
limes  as  much,  at  the  ufual  rate  of  working. 


*  About  twice  as  many  at  the  beats  of  a  common  watch* 


V.  Account 
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Accoknt  (^  a  fimple  Metliod  ^  tpnmiiag  ihe  Chmfga  ijf  Vvhmte 
fraduced  in  Gajii,  by  Alteraluuu  qf  Teinperatuie,  and  ^ 
JyHoJ^ieric  Piejfutt,  in  ihe  courjt  tjf'  Chiinieal  £iperitiimtM. 
By  Mb.  H.  D»v».  Pn^cjbr  t)f  Cl^cyiifiry  at  the  Itajal 
Iit/Hiution.  From  their  Journal, 

'  lliWc  fluids  if- It  often  happens  that  changes  of  atmofphcrical  prefTore, 

/mctnlumpt-  ^'"'  °^  temperature,  lake  place  in  the  courfe  of  expcfiments 

iMBjg.  on  ckflic  Raidi  i  wiJ  a  knowledge  of  the  alterations  Ihey  pro* 

duce  is  their  volunie,  is  elTential  to  ihi;  prccilion  aud  aecuncy 

J  of  the  refulls. 

QnniitiesoF  In  cafes  when  chemical  changes  arc  produced,  il  is  impof- 

ia^  m«ll  be     fibic  ,o  „ai„  ,t,i,  knowledee  by  dircfl  obtc.vation  ;   and,  in 
Oaiue.  LOtiuderiiig  quanties,  it  k  always  iileliil  to  eiiimate  the  vo- 

lumes  of  gafes  at  fome  Aandard,  fixed  upon  in  meafuren  of 
the  baromeier*  and  therinonieter. 
Liwfar pRfTurc.     It  is  demonllraled  by  very  accurate  cxperiruents,  that  the 
v^mt,  in-      volumes  of  elaflic  fluids  are  invcrfcly  as  the  weights  com- 
iuit.  prefling  them.      And,  e-onlequenlly,   llie  changes  produced 

upon  gafes,  by  known  changes  in  the  atmofph^rical  prefliire, 
may  be  afcertaiced  in  a  very  eafy  manner.  With  regard  to 
the  elfe^s  of  tumperaturej  however,  it  is  much  more  difficult 
to  form  a  juH  eflimaiion  by  means  of  general  laws.  For 
though  the  excellent  experiments  of  Mi.  Daltoaf,  and  thofa 


*  LavoiUcr's  EUmencs,  p.  40C,  Srnl  Edit. 

t  Mancheaer  Memoirs,  Vol.  V.  f.  599.  Mr.  Dalton  fays,  "  I 
have  repcMcdly  found  that  1000  parti  of  comniait  air,  of  the  ttu- 
|itraiure  of  ii'  and  common  prelTurc,  expand  to  1331  piitt  in  the 
manonicter ;  to  which  adding  4  parti  fur  the  correfponding  espan- 
lion  of  glals,  we  have  325  parts  increaTe  upon  1000  from  55"  ta 
212*i  or  for  157"  of  the  thermometiic  fcale.  As  for  diee»p»n- 
&on  in  the  intermediate  degrees,  which  Col.  Rot's  experiments  Ibow 
to  be  ajtoivfy  diminijbiitg  one  above  the  temperature  ol  57^,  but 
nhicli  da  Morveau's,  on  the  conirar)',  fhow  to  be  a  rafidlf  in- 
irtafing  one  in  the  higher  part  of  the  fcale ;  1  am  obliged  to  allow 
that  Col.  Roi  it  right,  though  il  makes,  in  fome  degree,  againft  an 
hypoihefia  I  have  formed  relative  to  the  fubjeCl ;  he  has  certainly, 
howmr,  made  the  diminuiioo  too  great  from  72"  downwards, 
'u    _  owinj 
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bf  Mr.  Guy  LulTac,  diow  that  all  the  ditTerent  clallic  fluids,  , 

taken  at  ecjual  leniperatures,  expand  equally  by  heat,  yet  we  * 

are  ftill  ignotant  of  the  precife  cspanfion  lor  increments  of  ^ 

fingle  degrees,  or  of  Ihe  mude  in  which  the  power  of  expan- 

&on  is  affe^cd  by  diHerence  of  prelTitrc ;  or  by  its  icbtions  to 

•queous  vapour  or  uncombined  moiAure.  I 

The  calcubtioos  on  this  fubjcft  are  confequenlly  laborious  Cilciilatian  luy 
ftnd  corapllcaletl ;  but  it  is  very  eafy  to  avoid  them,  by  re-  ^  ""idei  hy 
cumng  to  comparative  oblcrvatinns,  which  may  be  obtained  rEtvidons,        ' 
in  a  very  limple  manner,  by  means  of  Uie  manometer.  '* 

Bjr  making  a  given  qua:ility  of  air,  in  conta^  with  water  "'i^''  ?  flioJui 
at  a  known  tempieralure  and  pieflure,  a  llandard,  it  is  eafy,  ^^^  ^ 
til  afcertaining  the  changes  produced  in  it  by  alteration  in  the  | 

temperature  and  prelfure,  to  determine,  by  the  rule  of  pro-  J 

portion,  the  changes  that  liave  been  produced  from  the  lame  '     j 

caufes  in  any  other  quantity  of  gas,  fubmitted  to  chemical  '' 

<^eraticin  ;  or  to  afccitain  what  would  be  its  volume  at  the  «| 

mean  height  ot  liic  barometer  and  tlier  mo  meter.  ' 

owing  to  hii  not  peiccivliig  thit  lie  aflually  deftroyed  a  portion  of 
tbt  daftic  fluid  he  wai  operating  upon  (iqueoui  vapourj  in  re- 
ducing jti  ifin[Kratur(  f«  low  \  if  his  nir  had  been  prcvioufly  ilriei 
by  fulphuric  3cid,  &c.  he  would  not  have  found  fa  remarkable  di- 
minution below  T,"',  My  expeiimcnts  give  for  77"J  »bove  55", 
IGTparitj  for  the  ucxl  IT'J  only  133  pans  i  and  the  expanfion  in 
Fvtry  p*rt  of  the  fcale  fccmi  to  be  ft  gridunHy  diminilUing  one  in 
■fee  n  ding. 

"  The  refultt  of  fcvcral  experiments  made  upon  hydrogenoui 
gi«,  oxygenoui  gac,  cartwnic  acid  gas,  and  nitrous  gai,  which 
were  all  the  kinds  I  tiicd,  agreed  with  ihofe  on  common  air,  not 
trnly  in  the  total  expaniion,  but  in  the  gradual  diminution  of  it  in 
afcending  i  the  fmall  differences  otrfrtvid  never  exceeded  6  or  I 
pam  on  the  whole  355  :  and  di&rcoces  to  this  amount  will  tik* 
place  in  common  air,  when  not  freed  from  aqueoui  vapour,  which 
was  the  liluatiou  of  all  my  faSitious  gafes. 

"  Upon  the  whole  therefore  I  fee  no  fuiUcient  reafon  why  tit 
may  not  conclude,  thii  all  tlafiic fiuidi  wtd""  'J'  fame preffnn  tx\ 
pand  equally  by  heal—ani  that  for  any  giiieii  txfanfiati  af  mtrairy, 
lit  ciirriJJrBiiJiMg  txpanfin  iifair  it  frvferlhnelly  fimtliing  lift,  tie 
higher  ibt  tempiraiurt" 

Mr.  Gay  LuflTac  makes  the  dilatation  to  be  from  100  to  137.S 
between  32"  and  91^,  which  gives  for  each  degree  between  thaft 
point*  ^^    Seep.  I34i  and  Annalc) de  ChimJe,  No.  12S,  p.  137. 

Vot.  IV.— j-^NUARV,  1803.  D  In 
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confinrd  In  a  I*)  forming  the  manometer  for  Lhe  [>urpor«  bf  comjiariroi), 

lecuiKd  tabe  by  j  g|afs  lobe  may  be  ulird  about  fixleen  inche 

b„j.  Iliifd  of  »n  inch  in  diameter,  ilofed  at  one  end,  and  curved 

in  fueh  a  manner  ttinl  ils  open  leg  is  parallel  to  its  clofed  end, 

and  nfeariy  three  indies  long.     Ih  capacity  is  determined-, 

jr»Ja»red  and   ili  clofed  leg  is  graduated  fo  as  to  form  n  fcnie  of  200 

parts.     1'he  ftsndflrd  volume  of  air  is  confined  in  it  bj*  ftco- 

tiiewMerkcpt   lumn  of  water,  fouf  inches  long ;  and  iheheightof  this  water 

kvel.  bj  «         i,  kept  equal  in  both  legs  at  the  different  times  of  obfervalion, 

*         '  by  means  of  a  glafi  lube,  moveable  in  a  perforated  cork  in- 

t-  (erled  in  iha  open  end,  and  capable  of  elevating  (he  culumn 

of  wnler  in  it  8t  leail  ai)  inch  and  a  half. 
Ufc  of  the  tn  emplo\'ing  the  rtamlurd  of  com  pari  Con,  forcorrefting  the 

ftindaril  of  refiilts  of  operatigrn  in    which   portions  of  elaflic   (hiids  are 

f  ilher  abforbed  or  generattrd,  k  U  only  Bccel&ry  to  recur  to 
lhe  flale  of  it  at  the  beginning  and  *rd  of  the  expetitnent. 
'lalUnu,  ThuK,  t«t  n  equal  the  quuiitiiy  of  elallicfliiid  exiflin^ after  tlrt 

experiment  I  m  the  vulume  of  the  Ihndard -air  before  the  CK- 
perimenl ;  and  :  the  vcilume  after,  as  exprelTud  in  the  fcalu  of 
L,  200  parts. 

^K  .  Tbea  —  =i,  which  is  the  volume  the  refidusi  gu  ex- 

^L  amined  would  occupy  at  a  temperature  and  preOhfe  I'uch  a> 

^V  exifted  at  the  commencement  of  lhe  esperimctit, 

^V  By  the  funic  method  may  be  ejiima(«d  the  volume  a  qQan- 

tily  would  occupy  at  fuch  lempeniturcs  and  prelTurei,  as  had 
been  at  any  tiiuu  denoted  upon  llie  fcale. 
It  U  mall  pro-  From  the  LiLelV  experimeutt  tltat  have  been  made*,  it  ii> 
bble  that  the  probable  lltat  st  tjie  fame  teniperatures.  and  under  the  fan* 
Smnrtiirbydie  fw^ffiir*''  ^l""'  voiumei  of  the  d  iSe  tent  el  aftic  fluids,  incoib* 
■fucoui  lapDui.  la&  with  water,  contain  the  fame  quantity  of  aqueoits  va- 
pour i  (b  that  in  cafei  when  lhe  gnfcs  examined  in  thecompa- 
rativC  obfervHlions  are  equally  faluiated  with  water,  the  re- 
fults  mull  be  perfefUy  accurate  as  to  the  relation  of  volume  (o 
the  Aale  of  uioiflure  ;  and,  even  fuppoling  a  ditferencc  in  tlie 
degree  of  faluiallon,  the  error  ariling  from  this  circumfiauce, 
at  commun  temperatures,  would  be  lb  froollas  Lu  be  inapptc^ 
ciable. 

*  Tliufc  of  SiuiTurc  tad  Do  Luc,  and  MM.  Dcfermci  and  Oe- 


^ 
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Obferxaiiona  on  Sir  George  Skuckbitrgh  Eveli/a't  Paper*  in  the 
yhilqJQphical  Tranfaaionsfor  1798,  on  tite  Standard <if  H'eiglit 
end  Mta/Ure.  By  J.  Flitcuer,  E/g.  Commtaiicaiid  by 
the  Author, 

t.  FlAVING  about  two  years  tgo  had  occalion,  in  the  coucfe  Ocuiiaa  of  thM 
of  fome  inveftigations  in  which  I  was  then  engaged,  to  afccr-  *'^  " 
tain  with  as  much  prectfion  ss  was  poGlble  the  relation  between 
(he  knnwn  meaPures  of  diflilled  water  and  their  refpeflivB 
weights  at  diflerent  temperatures;  Sir  George  Shuckburgh 
Evelyn's  Paper  on  this  fubjeft  wai  of  courfe  confidcred  as  the 
befi  authority  with  regard  to  what  had  been  previoully  done  in 
this  refpefl.  I  found  however,  on  looking  into  it,  fome  er-  NutperieU  er-  " 
rors  in  the  calculation';,  which  render  ihe  deduflions  from  g"j '",*''''•*• 
them  incorrofl,  at  the  fume  lime  that  they  more  flfongly  con- 
firm and  cnablifh  Uie  accuracy  of  the  exptriments  on  which  ' 
they  arc  founded.  1  have  no  doubt,  therefore,  tiwt  Lke  g«D-  J 
ticman  to  whom  we  are  To  highly  indebted  for  tlie  eommuni-  I 
ration  of  tlie  &£ls  which  lie  flales  iii  this  important  elTay,  will  \ 
feel  rather  obliged  than  olhertvife  by  iheir  cofre£tion.  The  Appinnt  dl 
circumdance  which  firfl  induced  me  (o  repuat  the  calculations,'"*^ 
was  tlie  difference  which  there  appears  lu  be  in  tlie  refulti  of 
the  experiments  with  the  cube  and  fphcre,  and  that  with  the 
cj>Iinder,  and  which  Sir  George  afcribes,  in  ^  21  and  3  ]  of 
his  Paper,  to  either  a  difference  in  the  denfity  of  the  water  at 
different  depths,  or  to  tlje  com preflibi lily  of  the  cylinder  em- 
ployed. I  wai  however  as  much  pleafed  as,  furprized  to  Hud,  MiRake  in 
"  it  altogether  arife*  from  a  mi/!ake  in  the  mu I li plication  ^i'^^^^, 
Ihe  four  numbers  whofe  produd  is  equal  to  Us  folid  content, 
viz.  3.997*5  X  3.99785  X  5.99502  X  .78539816.  which  he 
■  makes  74.91823  cubic  inches,  inftead  of  75.2471 19,  which  i« 
the  real  produ^.  This  naturally  fuggefled  the  propriety  of 
examining  the  whu!e,  and  lh<.-  rcfulls  of  this  examination  are 
what  I  (hall  now  lay  belbre  the  public  through  the  medium  of 
'  c  Philufophical  Journal.  The  power  of  correflly  appreci- 
ating and  comparing    fpacc  and  tjuantity  are  lb  cilfntial  to 

•  Copied  in  Ihe  Q^uto  Serlei  of  tliu  jMrud,  UI.  197. 
»'i-'t!»»  /7  (\  i  DH  every 
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every  practical  application  of  the  mathematics  to  the  purpofet 
of  real  utility,  that  I  have  no  hefitation  in  undertaking  th« 
bumble  office  of  commentator  on  fo  valuable  a  text.    . 


Heal  cubic  di-       If.  It  is  ftated  in  §  13*  that  the  produa  of  the  three  mean 

c!°S?Evcfyn''i   ^"'^^  ^^*^®  ^^^*  ^^^^^  ^^^'  *^'«-  ■^'•98882  X  4.98955  X  4.989125, 
foUds*.  It  124'.  1 89 17:    tlfis  hovi^ever  is  erroneoU«,  it  being  in   fadl 

1 24. 1 9224G.  The  folid  content  of  the  cylinder  wafc  75.247 1 49, 
OS  already  Ihued  in  the  preceding  paragraph,  and  that  of  tbii 

fphere  (§  28)  =  6,00745'  x  .52359878  =  1 13.519147  cubic 
inches. 
Correftionfor         HI.  SuppoGng  the  brafs  fcale  and  thefe  bodies  to  be  at  tli€ 
STiraftr*  ^     '*'"^  degree  of  heat,  their  apparent  dimcnfions  as  meafured  by 
It  would  be  tlie  fame  whatever  was  the  temperature  of  both  ; 
the  fcale  being  of  the  fame  fubftancc,  and  confequently  ex- 
panding atid  contradling  with  the  bodies  themfelves.     Their 
real  dimeniions  however  varying  with  the  temperature,  we 
mud  aiTume  fome  certain  degree  of  heat  at  which  the  gradua* 
tions  on  tiie  fcale  are  to  be  confidered  as  meafuring  correfpon- 
dent  intervals  of  fpace.    We  will  fuppofc  tliis  (o  be  60^  of 
Fahrenheit's  thermometer.     Now  in  order  to  afcertoin  the  real 
cubic  meafure  by  the  fcale  when  at  60^,  of  the  quantities  of 
diflilled  water  difplaced  by  thofe  bodies  when  they   were 
weighed  in  it,  we  mull  add  to  or  fubtra6l  from  the  nominal 
cubic  dimenfions  of  each,  3  millionth  parts  (vide  Tab.  Lin  the 
note  on  §  23),  multiplied  by  the  number  of  degrees  above  or 
below  60^,  at  which  tliey  and  the  fluid  were  at  each  of  thoTe 
times. 

At  the  time  of  their  being  refpe6livcly  weighed  in  water» 
tlierefore,  the  fohd  content  of  the  cube  at  60.2®  (§  22)  was 
124.192246  x  1.00000062=  124-.192323  cubic  inches  of  tlio 
fcaic  when  at  60^ ;  that  of  the  cylinder  at  60.5®  (focond  ex- 
periment, §  23)  75.21.7149  x  1.0000015  =  75.247161  ;  and 
that  of  the  fphere  at  66®  (§29)  113.519147  x  1.000019  = 
113. 521304. 
CorreaUm  oe-       IV.  In  appreciating  the  apparent  difference  of  weight  in  a 
^fliry  for  den-  j^Q^y  ^hen  weighed  in  air  or  in  vacuo,  it  has  been  ufual  to 
tBi%«fthe«r«    Buume,  that  air  at  a  given  temperature,  and  under  a  given 

r 

*  Thefe  referencet  with  t  .§  prefixed,  are  to  the  fe£iions  fo  num- 
bered in  Sir  G.  S.  Evelyn^i  Paper,  which  it  is  thought  proper  te 
meation  here  to  (avc  the  aeccfficy  of  repetition. 

2  preifiire 
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[M^flure,  it  always  of  the  famt  fpccific  gravity,  Thiswcknow 
»  not  the  cafe ;  confiderabic  variation!  in  tJiis  refpefl  beiiij^ 
occmfioned  by  its  diifcrent  Hates  of  drytiefs,  eIe£lricUy,  and 
perhiipg  oiber  caLifei :  as,  however,  experiments  are  wanting 
for  the  correcl  elHmatign  oftliffe  d  life  fences,  we  will  take  the 
firft  fuppolilion  lo  be  (rue,  and  apply  llie  corretliona  accord- 
ingly from  Sir  G.  S.  Evelyn's  tables  for  this  purpofe,  in  his 
note  fubjoincd  lo  §  23. 

Thit  gentleraiiii  lelh  iis  in  the  Philofophical  Tranfafljons  forAi'"P">J> 
1777,  that  the  fpecific  gravity  of  air  at  51°,  under  a  pteflufe '^|^'„^^J_  " 
*<1U«I  to  29.27  indies  of  mercury,  is  to  Uiat  of  water  as  1  lo 
836,  or  =  .001208  ;  taking  the  latter  as  unity.     AlTuming 
therefore  that  the  expanlion  ofnir,  for  each  degree  of  Fahrww 
heiCs  thermometer  between  51-   and  60*',  i*  .0027  ofli.e 
whole,  we  get  the  fpecific  gravity  of  air  at  60  under  the  like 
pteffurc  =  .001179,  and  2a.27  ;  .001179  :  :  29.5  :  .001 188  Sp,  p.  ofii.j 
=  the  fpecific  gravity  of  air  at  60°  when  the  barometer  ftands  ^^'^',nM 
at  29|;  and  a  cubic  inch  of  fucb  air  confequently  weighs^  of -ir-.  fcreith' 
a  grain  very  nearly.  '"   '  '"*''•' 

Now  the  cube  was  weighed  in  air  at  62'  underaprefToceofDcnfitieioftPia 
29  inches  (J  20) ;  the  cylinder  in  air  at  62'  under  a  prefiiire  JJ^jj,*^  ''* 
of  29  inches  [5  21] ;  and  the  fphere  in  air  at  67"  under  a  pref- weighed, 
fure  of  29.7+  inches  (§  29). 

And  the  excefTes  of  the  weights  of  the  rcfpeflive  quanlilies 
ef  didilled  water  difplaced  by  theic  bodies,  on  their  being  af- 
terwards weighed  in  this  fluid,  over  thofe  of  fimilar  quantities 
c(  air  at  the  feveral  temperatures  and  deniilies  above-men- 
tionedj  were  as  follow  ;  viz. 

That  ofthe  waterdifplacedbythecubel^  22),  320S4.B2-  Thcjppatow 
703.03  =  31 38 1.79  grains ;  bdftw/i^ 

That  of  the  waler  difplaced  by  the  cylinder  {fecond  expcii-  , 

menl  ^  23).  21560.05  -  2553.22  =  19006.83  grain*; 

And  that  of  the  water  difplaced  by  the  fphere  (j  30J, 
28673.51  grains. 

The  oir  in  which  eacb  of  the  bodies  was  weighed  being,  Coneflion  for 
however,  lighter  than  ait  at  60"  when  the  barometer  flaiids  ,[?"«"'"•«"' 
it9|,   we  mud  correfl  thefe  escelFes  of  weight  in  the  fevera!  plied, 
quantities  of  water,  fo  as  to  find  how  much  the  weight  of 
each  of  them  exceeds  that  of  an  equal  quantity  of  air  of  fuch 
ftandard  fpecific  gravity  ;  or  in  other  words,  how  much  the 
yeizht  of  each  of  the  bodies  in  vv'ater  difTeri  from  that  which 
I '911'  it 


it  would  liave  been  found  to  poircU  in  air  in  this  latter  flaie. 
Thefe  corrcftioiu  for  the  denfiiy  and  teoipcrature  of  ihe  air 
we  Ihatl  tind,  Iroin  tbe  data  before  given  in  Utis  article,  la  be 

Correflion  for 


Of  the  weiglit  of  the  water  difplaced  by 
the  cube  ... 

Of  the  weight  oflhc  water  difplaccd  by 
Ihetyhnder  '  - 

Of  the  weight  of  the  watei  difplaced  by 
the  fpbcre        -  .  _ 


Prelfure.    Tempei 


Gt. 

-  .201 

-  .T22 

-  .6+4- 


CwRfiion  «((f.     The  weights  of  thefe  bulks  of  water,  therefore,  if  weighed 

whA'^'led     '"  *"  "  ^°''  ""''"  ^  P''^""  '^  "'^  ^^*'  *°"'''  ^  '""nd  lo  he, 
fo».       "      "*     That  difplaced  by  the  cube  31381.79-  .6+2-.201  = 
3 J 380.95  grains; 

That  difplaced  by  the  cylinder  I9006.S3  -  .389  -  .122  = 
19006.32  grains; 

And  that  difplaced  by  the  fphere  28673.51  +  .262  —  .644 
=  28673.15  grains. 

V,  We  have  now,  however,  to  correft  thefe  weights  for 
the  change  which  would  take  place  in  the  fpecific  gravity  of 
the  water  {(felf,  by  reducing  it  lo  60°  of  temperature;  that 
in  which  ihe  cube  wai  weighed  having  been  at  60.2°  (§  22] ) 
that  in  which  the  cylinder  was  weighed  at  M.S"  (§  23) ;  and 
that  in  which  Ihe  fphere  was  weighed  at  C69  (§  30). 
Bi,  Wc  win  firftly  do  this  bj  the  help  of  Sir  G.  S.  Evelyn'j 
p"t  Tab.  1.  in  his  note  on  §  23,  accuiding  to  which,  a  quantity  of 
water  of  equal  bulk  with  the  cube  wtiuld,  at  60"  of  Fahren- 
helfi  thermometer,  weigh  31380.95x1.000033=31381.986 
grains;  one  of  equal  bulk  with  the  cylinder,  19006.32  x 
I.(X)0083  =  19007.897  grains;  and  one  of  equal  bulk  with 
the  fphere,  28673.15  x  1.00099  =  28701. 536  grains;  if 
weighed  in  air  at  the  fawie  temperature,  when  the  baroipeter 
Hands  at  29  inches  and  a  half. 


ON    TH^  STAVDAUD   OF    WEIGHT   AMD   ^EASURE. 


a» 


The  firft  gives  the  weight  of 
a  cubic  4nch  of  diAiiled 
iviterMnder  thefe  circtini« 

The  2d  =  ii?^ii^    =252.60 
And  the  3d  =  ^fj^iy^=  252.829 


l> 


a  tn 


t*«^     Rcfulu 


S 


Jo 


252.440 
252.6^ 


V  S 


:  VI.  It  maj  periisps  hcwvcver  be  proper  to  obfarw  liero»  By  Mf 
tfhdt  ifae;«heralioa  in  the  fpecific  gravity  of  water  by  change  cC^**^ 
fteinpemture,  is  efiimated  in  thtr  tnUe  of  Sir  G.  S.  e«eli^^ 
i(note  on  §  ^3f),  at  aear^  double  that  which  is  given  by  Mr. 
<3Upn  iin  bis  tables,  in  the  Phllofophical  Tranfaaions  for  ltP4, 
9.SSQi  kuM  appveoiation  of  it  from  6(/^  to  66^  (taking  it  to  be 
ccjnai  to  ontty  at  ao^)  being  at  fellows ;  wix. 


m. 


99991 
99981 


63^ 


.99971  65  <>  .99950 
64  J  .99961  I  66  |  .99939 

I  am,  from  my  own  experiments  On  this  fubjcA,  liiipofed 
to  prefer  thefe  tables ;  and  taUng  them  to  be  corre^  we  (hall 
have  a  cabic  inch  by  Sir  G.  S.  Evelyn's  fcale  when  at  the  ten-  (Jldmate  lefule* 
perature  of  60^,  of  diftilled  waiter  Mo  at  60^,  wei|{hed  in  air  A  cubic  inch  of 
at  60»,  under  a  prefllire  of29f  inches.  ilJ^fc^^w!" 

By  the  cobe      ik 
By  the  cylinder  =: 

'  '        appr^iati^n  kif 

^  .   r-   raper.  grt^UifK*^ 


By  the  (phere    =        •  * 

And  by  a  itiean  of  all  three  wk 

And  if  we^ed  in  Wicab  inflead 

of  in  air        cjs         •  • 


Jd^.4-3^    Parliamentary 


tkcilSLvHi^  Dec.^Q^  1802. 


|.  FLcrCftEK. 


Vll.  On 


f  LIOBT  AFVOISIO  1 


Ob  the  SuaiUilies  pf  Light  afforded  bt/  Candles  in  Proporti 


the  Confua 
Jamt.     In 


SIR, 


<lf  Material  end  otiitr  ObjeSi  rejpt^ing  tlic 
Letter/rom  Mh.  Ez.  W/nt-tK. 

To  Mr.  NICHOLSON. 


Prolobilit; 
thit  Candl« 
iMhich  bum 


W  HEN  a  lighted  candle  is  fo  placed  as  neither  to  require 

fnuffing  nor  produce  fmoke,  it  is  reafonablc  to  conclude  (hat 

the  whole  of  the  combuftible  matter  which  is  conCumed  it 

wiU  iffoid  llgiie  converted  to  the  purpofe  of  generating  light ;  and  that  the 

in  proportion  lo  intgnfiiies  of  light  generated  in  a  given  time  by  candles  of 

fumed.  different  dimcnfions,  are  dire£)ly  as  the  quantities  of  matter 

confumed.     That  is  to  fay  ;  when  candles  ore  made  of  the 

fame  materials,  if  one  candle  produce  twice  as  much  light  as 

another,  the  former  will  in  the  fame  time  lofe  twice  as  much 

weight  as  the  latter. 

To  prove  the  truth  of  this  petition,  I  made  the  experiments 
contained  in  the  following 

TABLE. 


No.  oF 

the 
Expe- 
riment. 

No.  of 

the 

Candles. 

Time  of 

burning. 

Weight 

oftt 
Candles 

confumed. 

Strength 
ofLigV 

Diflance 

of  the 
Candles 

irora  the 
Wall. 

■1 

3 

Mould 

h.     ' 
3      0 
3     0 
S     0 

0  15 

i    14 

0   15 

K  + 

FeeL 
7 
7 
7 

2    ■ 

1 

3 
Mould 

2  55 
2  55 
2  55 

0  15 

1  0 
0   15 

1  + 

8 
8 
B 

^1 

r 

3 

Mould 

3     0 
3     0 
3     0 

0  I5i 

1  2 
1      0 

'J 

8 

M 

Mould 

3     0 
3     0 

1      5 
1      If 

1.18 

? 

OF  LIGHT  AFFORDfiD  BY  CANDIED.  '4^ 

Thefi?  experiments  were  made  in  the  following  manner. 

I  took  three  candles,  the  dimenfions  of  which  are  given  in  Methol  of   • 
tiietaUe,  againftl,  3,  and  mould  ♦.  Thefe  were  firft  weighed,  «p«iincnt. 
and  tfrni  lighted  at  the  fame  inftant.     At  the  end  of  the  time 
inferted  in  the  third  column  of  the  above  table,  they  were  ex- 
tingniihed  and  weighed  again,  and  the  lofs  of  weight  of  each 
candle  is  contained  in  the  fourth  column. 

The  three  firfl  experiments  were  made  under  fuch  favour-  Obfenntioot « 
able  circumftances,  that  I  have  little  doubt  of  their  refults  *«  "''»'*•• 
being  more  accurate  than  what  practical  utility  requires,  but 
the  fimrtli  experiment  cannot  be  depended  on  fo  much,  in 
confeqaence  oJF  the  variable  light  of  No.  5.  This  candle  was 
moted  fo  often  to  keep  the  two  flmdows  equal,  that  I  was 
iwder  the  neceffitj  of  fetting  down  its  mean  diflance  from  the 
widt  by  efiimation ;  but  as  this  was  done  before  the  candles 
ware  weighed,  my  mind  could  not  be  under  the  influence  of 
partiality  for  a  fyftem. 

The  method  which  I  ufed  in  comparing  one  light  with  an-  Intenntyof 
0Clier  In  each  experiment,  was  nearfy  that  which  has  been  al-  {j^^fjJJSS' 
ready  defcribedf.    The  only  diflference  confided  4n  having  of  (kadovrs. 
the  obflacle  which  formed  the  Shadows  fixed,  iniiead  of  being 
held  in  the  hand.     A  two  feet  navigation  fcale,  which  was 
made  fafl  to  the  (land  of  a  froall  telefcope  in  a  perpendicular 
direAion,  and  fet  upon  a  table  near  the  wall  on  wliich  the 
fliadows  were  compared,  reduced  the  labour  of  making' the 
experiments  very  much,  and  gave  me  an  opportunity  of  mak« 
Jng  a  greater  number  of  obfervations  in  the  fame  time  than  I 
could  have  done  with  the  fcale  in  my  hand. 

The  ftan4ar4 

REMARKS  ON  TJIE  EXPERIMENTS.  comparifoo  of 

cjcpenmeiiti  at 

I .  The  experiments  were  made  at  difiereni  times,  and  the  ^iffertnt  time^ 
light  of  the  mould  candle  was  made  the  flandard,  with  whidi  ^ndtcTy^thc 
the  lights  of  the  others  were  compared ;  but  it  mufl  not  be  weight  con. 
underfiood,  that  this  candle  gave  the  famefirength  of  Hght^j.^^*^^,^^^^ 
in  every  experiment.  ioiertd. 

'2.  The  fign  -f-  >n  the  5th  column,  fignifies  that  the  candk  Odwr  fcaiaikj< 
againft  which  it  is  placed,  gave  a  flronger  light  than  tb^  otheft 

^  Philofophical  Journal,  oAavo,  III.  373* 
t  Philofophical  Joaroal»  qeartob  !•  67.  a|Kl  Fkilafl  Journal, 
i9ave»  W.  S7«i 

la 


OP  LIGHT  ArpOKOSO  BY  CARDLSI. 

in  lb«  rame  ei^perimeiit,  bat  Ihc  exa€t  quanlUy  being  fmV)  I 
did  not  aliertain  by  calcu  lation. 

3.  The  mould  caodic  in  the  Uh  experimcDt,  lofl  more  of 
its  weiglit  in  three  hours,  than  in  ihe  preoediDg  cxparimealt. 
This  was  owing  to  the  current  of  air  in  tlie  room  in  which  the 
experiments  were  made,  being  greater  llian 
by  a  I'reOi  gale  of  u  ind. 


accaJiyQI^^^J 


) 


GENERAL  LAWS, 
at  From  the  experiments  (.'unlalned  in  the  table,  it  appears  tn 
be  an  eflabliAied  law,  where  combuAion  is  complete,  that  the 
quaniilics  of  lifjiit  produced  by  tallow  candles,  are  in  tttc 
complicate  ratio  ut  their  times  of  burning  and  weigbls  of 
mutter  confumed. 

For  if  their  quanlitiek  of  mailer  be  equal,  and  timet  of 
burning  the  fame,  lliey  will  give  equal  quaulities  of  light,  l>y 

And  if  the  times  of  burning  be  equal,  the  quantilies  of  light 
will  be  direflly  at  their  weights  of  matter  expended,  by  «xp^ 
ineMl  3  i/  4. 

Therefore  tlic  light  is  univerfally  in  tlie  compound  r&tio  of 
the  time  of  burning  and  weight  of  matter  confumed. 

STANDARD  OF  LIGHT. 

If  the  law  which  I  have  endeavoured  to  prove,  botb  by 
leafon  and  experiment,  be  admitted,  we  have  a  Aaudatd  b/ 
which  we  may  compare  the  flrength  of  any  other  light. 

Let  a  fmall  mould  candle,  when  lighted,  be  fo  placed  u 
neither  to  produce  fmoke  nor  rcijuire  fnufiing,  and  it  will  lofc 
an  ounce  of  its  weight  in  three  hours.  Let  this  quantity  of 
light  produced  under  Ihefe  circum fiances,  be  reprefented  by 
1.00. 

Then  thould  this  candle  at  any  other  time,  tofe  more  or  leis 
of  its  weight  in  three  hours  than  an  ounce,  the  quantity  of 
light  will  be  fiill  known,  becaufe  tlie  quantity  of  light  in  a 
given  time  is  direflly  as  the  weight  of  the  candle  confuOKdj 
by  the  general  Ima. 

CONCLUSION. 
A  candle  which  is  ufed  in  the  mmner  that  I  have  pointed 
out,  gives  more  UgJit  than  a  candle  of  the  fame  dinienlioni  (at 
4  perpeudicularijF 


perpendicalarly  and  fnuflfed,  becaufe  one  part  of  a  candle  that 
is  fnuffed  is  thrown  away,  and  another  part  flies  oflT  in  the 
form  of  fmoke.  But  this  is  not  the  only  inconvenience  that 
mltends  ihe  ufing  of  a  candle  in  this  manner,  and  which  the 
otber  m^od  is  free  from,  for  the  light  which  it  gives  is  of  a 
bad  quality,  on  account  of  its  being  variable  and  undulating. 

From  the  time  that  a  candle  is  fniified  till  it  wants  fnuffingcontnfted  with 
again,  its  ftrength  of  light  fcarcely  continues  the  fame  for  a**  wprightctn. 
linglc  minute.    But  that  variation  which  frequently  takes  place  quj^,  Ihaffiof. 
in  the  height  of  the  flame,  is  a  matter  of  ilill  more  ferious 
oonfeqoence. 

The  flame  of  a  long  candle,  when  it  bums  fteadily,  is  about  Extreme  undo, 
two  inches  high,  but  it  very  frequently  rifes  to  the  height  ^^^^^^l^'^^J^X 
four  inches  or  upwards ;  drops  down  again  in  a  moment,  till  vetiia%t       > 
it  is  lefs  than  three  inches,  and  then  rifes  again.     In  this  man- 
aer  the  flame  contituien  in  motion  for  ibme  time  before  it  re- 
turns  to  its  original  dimenfions.    But  it  does  not  continue  long 
in  A  qutefcent  Hate  before  it  begins  a  new  feries  of  undula* 
doas.    In  this  manner  the  candle  burnt  till  the  top  of  the 
wick  is  ieen  near  the  ape)t  of  the  flame,  carrying  off  clouds  of 
fmoke.     In  this  flate  of  things  the  eye  becomes  uneafy  for 
want  of  light,  and  the  fnuflers  are  applied  to  remove  the  in* 
convenience. 

It  is  thefe  fudden  changes,  and  not  the  nature  of  candle  and  the'mif. 
light  itfelf,  that  do  fo  much  injury  to  the  eye  of  the  ftudent  J^J^^S'^J^' 
«nd  a^lift ;  but  that  injury  may  be  eafily  prevented,  by  laying  eyes, 
sfide  the  fnuflers,  and  in  the  f^ace  of  one  large  candle,  let 
two  fmall  ones  be  ufed  in  (be  manner  which  I  have  befora 
Jaken  the  liberty  to  recommend. 

I  remain, 

SIR, 

YouPs  refpedtfully, 

E2EKIEL  WALKER. 
fynn  Regis,  Dec.  20, 1802. 
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vui.  .  ' 

D^fcriptiou  qf  an  Engine  fyr  raifing  and  Umering  Waj^,t^,J^ 
ABion  qf  a  Column  qf  WaUr  and  for  other  purpojbt.  By  Jp  HX 
Ha&aiott,  Ejq. 


To  Mr.  NICHOLSON, 
Dear  SIR, 


I 


SEND  the  drawings  and  defcriptioiis  of  my  fyphon  engine, 

which  from  its  power  and  gr<?at  convenience  in  adual  prac* 

tice,  will  I  prefume  be  thought  a  fit  fubjed  for  your  ^^alaabte 

publication. 

Engine  aaing        A  A.  In  Fig.  I  and  2,  is  a  cylinder  with  a  moving  pifbn 

tenutely  on  the  '  B  and  C.  Are  water  ways  through  which  the  water  is  ad- 
ijjpwand  ooder  mj^ted  to  commimicate  with  both  fides  of  the  pifton. 
pifton,  M  di-  E  F.  A  pipe  in  Fig.  1,  through  which  water  defcends  fiom 
reded  by  turn-  n  refervoir  above,  into  a  three  way  cock  M.  and  in  Fig.  2,  it 
a  pipe  through  which  any  dream  or  head  of  water  mni  to  the 
three  way  valve  in  the  ciftern  M. 

C  H.  Is  a  pipe  in  both,  communicating  from  the  three  way 
cock,  or  valve,  to  the  upper  part  of  the  cylinder. 

K  B.  Is  a  pipe  communicating  from  the  fame  cock  or  valve, 
to  the  lower  part  of  the  cylinder. 

I  I.  Is  a  pipe  communicating  between  the  two  laft  men- 
tioned pipes,  confequently  between  the  upper  and  lower  fpaces 
of  the  cylinder,  which  communication  can  be  either  cut  off  or 
opened  to  any  requifite  degree  by  the  cock  L. 

N.  Is  a  pipe  in  which  a  lower  column  of  water  is  fufpcnded 
by  the  reaction  of  the  atmofphere,  and  confequently  a  power 
to  the  upper  column,  or  &11  in  proportion  to  its  length  or 
depth,  not  exceeding  the  weight  of  the  atmofphere. 
The  coloinn  The  nature  and  principle  of  the  fyphon  engine  confifts  in 

S^m^aftttifl^  combining  the  power  of  the  fyphon  with  the  dired  preffore  pf 
prefling  roirs  a  column  or  ftream  of  water,  fo  that  they  may  a6t  together. 
■^  IJ*^2j  ^^  *  I*  works  by  means  of  the  fyphon  conflantly  ading  in  concert 
tionTwhich  with  tlie  feeding  dream  of  water,  fo  that  each  alternately  ad 
renders  the  at-  gn  the  upper  and  lower  part  of  a  pifton,  within  a  cylinder  as 
•B  etut  m^\^^  *^  were,  reverfing  the  fyphon  at  each  change  ;  and  the  power 
is  equal  to  a  column  of  water  of  the  fame  diameter  as  diat  of 

the 
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tbe  cylinder,  anil  ecfual  in  length  to  ihc  heiglit  of  the  head. 
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any  given  diameter  ha9  a  Ikll  of  20  r«ct  unlil  it  reaches  ai 
gine,  its  power  it  clcatly  afcertained.  Now  whatevet 
power  is,  if  a  fyphon  pipe  be  added  to  this  engine.  To  ai  10 
connect  wiili  the  column,  and  the  fyphon  pipe  ha;  alfo  a  fall 
of  an  equal  length ;  namely,  20  feet  to  the  lower  end,  which 
w  iniQierfed  in  water,  llie  engine  although  placed  in  the  mid- 
way, will  then  have  a  power  equal  to  that  of  a  defcendirg 
column  of  10  feet,  and  Ihould  the  column  or  fall  to  the  engine 
be  but  two  feet,  and  the  lower  l^phon  pipe  2+  feet,  the 
power  would  be  equal  lo  a  fall  of  26  feet ;  and  in  this  manner 
in  every  various  divcrfily  between  tlie  falling  column  and  the 
fypliOD  pipe  beneath,  the  latter  will  produte  an  equal  power 
according  to  iu  proportionate  length,  or  depth  to  the  furface 
of  the  tail  water,  provided  it  does  not  exceed  above  30  feel, 
or  the  weight  of  the  atroofphere ;  and  where  a  dream  of 
water  is  either  level  with,  or  even  below,  Uie  place  at  which 
it  is  dcfirable  lo  Ax  the  engine,  there  will  be  no  difficult)'  in 
placing  it  either  helow,  or  on  the  level,  or  above  tbe  liream 
illeir,  provided  the  height  where  it  is  fixed  aboi'e,  dots  not 
exceed  28  or  30  feel,  and  the  place  where  the  watei  flowj  olf 
tw  ilill  lower.  The  conftruftion  raay  evidently  be  varied  ac- 
cording to  the  local  fituation  and  circumDancei  of  applying  it, 
and  the  ufe  to  which  it  mny  be  adapted,  in  giving  a^ivity  (o 
dilTcrent  kinds  of  machinery. 

The  drawing.  Fig.   1,   exhibits  the  apparatus  for  railing  or  Engini 
lowering  weights  of  any  kind,  on   wharfs  or  in  warehoufes.  °^'^ '" 
A  man  or  boy  can  raife  or  lower  goods  of  any  weijrht,  with-  v»ntjs 
out  otlier  exertion  than  that  of  merely  turning  the  three  way 
cock  M.  to  an  index  j  in  cither  railing  or  lowering,  the  liiip  it 
inAaiitaneous,  by  a  fmall  motion  or  turning  the  cock  to  the 
flop  mark  in  the  index  :  this  moft  eiteftual  of  Hops,  or  gripe, 
operates  fo  quietly  and  eafy  without  any  jirk,  or  Jatring,  that 
it  removes  the  ufual  rifk  attending  common  cranes  or  machi- 
nery in  whici)  men  are  fometimes  overpowered.    It  taifes  and 
Icnvers  goods  with  thrice  the  velocity  ufually  produced  by  m:i- 
nual  labour,  yet  an  engine  of  dimen&oni  fulHcient  to  raifq 
feveral  Ions,  may  be  fo  graduated  by  the  perfon  at  the  cock, 
as  lo  bring  tt  to  the  fmoothell  lloweli  motion  poQible.     I'he 
fvr'wg  ot  Jabvuranii  time  m\i&  therelbre  be  confiJcrable,  the 
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ri&  of  plunder  dimininied,  and  ddkys  io  feltuig  to  work  CoT 
wai.l  of  help  removed. 
Though  this  The  great  aud  only  oliflarle  Io  ila  general  a.p|rfication  in  tbjs 

j"^'"  'ai'^'l"  ^"y*  '*  ^^^  """'  *'*^  *  naturaJ  head  of  water  in  moft  fitnattons 
watci;  yEtihi)  uf  warelioufes ;  and  ihe  quefiion  in  thefe  cafits  would  be, 
w'  'd"'  iMi  '*'''^"*^^  ''  would  be  woflb  while  lo  raife  a  head  or  refervoir 
hijbij  bencfijid  "f  waler  lor  fucli  purpofes.  If  this  be  done,  one  refenroir 
in  ejfci  of  Srt.  wiiuld  work  any  number  of  engines  al  wiy  diAaoce  by  one 
main  pipe,  and  as  many  branch  pipes  as  tiiirc  were  engiitcs. 

!Thc  expence  of  a  fmail  fleam  engine  to  raife  llie  fame  water 
(or  any  other)  (o  the  refeivoir,  would  be  more  than  repaid  b^ 
the  fecurity  it  would  give  againft  fire.  A  gallon  of  water  at 
(he  IJrA  a'aroi  of  fire,  has  more  eSeH  Jn  extinguifliing  it,  than 
a  hogfliead  after  it  has  got  a-head.  To  produce  this  efl«d, 
and  apply  it  in  tiie  fpecdieO  manner  wherever  fuch  refervcrir 
h,  would  only  require  Imall  pipes  to  be  led  from  (be  main 
pipe  that  fupplies  the  engines,  to  [he  waiehoiifes.  or  where 
it  may  olherwifc  be  wanted,  and  at  the  end  of  fuch  )»pe,  a 
fcrew  nozzle  and  a  cock  to  luin  on  or  off,  a  leather  hofe  and 
branch  pipe,  fuch  as  all  fire  engines  have,  being  provided  and 
hanging  near.  One  man  only  at  ilie  firrt  alarm  office,  would 
in  a  few  minutes  lirrew  the  hofc  upon  tlie  fcrew  nozzle,  and 
then  turning  the  cock,  be  would  of  himfclf  be  able  lo  pla^ 
upon  the  liic  with  all  the  force  of  a  Urong  lire  engine. 
npir^t  for  Pertiaps  it  is  not  loo  much  to  fay,  tlial  thin  ready  preventa- 

rf  w^er'f"'""  ^'^'"^  '"  '^"^^  °^  ^"'^'  ^°^^^  ^  equal  in  efiefl  to  an  infurance. 
cTcrj  fuib.       Inilependent  therefore  of  its  api^ication  to  the  fyphon  engine 
for  ruling  and  lowering  weights,  I  have  conceived,  that  if 
fuch  refetvoirs  of  water  were  provided  in  all  cities  and  towns 
H  well  elevated  at  fuilablc  diAances  (one  or  more  in  every  parilh) 

H  there  would  not  be  near  the  danger  andcalamity  from  fire  that 

K  iww  evifh.     The  dilUnce  of  th«  refervoir  from  (he  fire  is  of 

^m  no  cuufequence,  provided  the  pipes  were  laid  with  fuHicient 

^■^  water  way  ;  and  it  would  leldom  happen  that  more  than  one 

^K,  lire  at  a  time  would  break  out  in  the  lame  parilli,  or  if  it  dirf^ 

L 


the  iaui«  fpcedy  and  efleflual  atlifiaoce  could  be  given  by  an/ 
number  of  (ucli  powerful  and  felf-working  engines,  as  long  m 
there  was  watei  in  the  refervoir.  And  even  fuppofing  tl>o 
fopply  from  the  refervoir  lo  be  limilod  lo  any  given  lime  of 
expenditure,  common  prudunce  would  lead  lo  iu  being  re- 
plenidied  by  the  ufuai  mode,  before  it  could  be  entirviy  ex> 
baufied. 

The 


The  drawing    Fig.  2,  (hows  how  the  fyphon  engine  is  to  Other  ufei  ani 
be  applied  to  dreams  of  water,  the  advantages  of  which  are,  JgJ^JiJ^^^^ 
that  the  engine  as  well  as  the  mill  work,  or  manufaduring 
machinery  it  may  drive^  may  be  placed  where  moft  conve- 
nient^ above  or  below  the  h^  or  dream,  to  be  worked  by  a 
fitll  of  water  from  the  lead  to  the  greated  height,  or  by  any 
fiream  or  river,  the  tail  water  below  ading  and  having  as 
much  power  as  the  head,  anfwering  to  thi  height  of  either. 
Nor  can  a  drop  of  water  efcape  without  performing  its  fuH 
duty.    The  power  is  therefore  greater,  and  not  liable  to  thd 
difadvantiges  attending  a  water  wheel.     In  tide  waters  it 
woaU  work  ebb  and  flood  fo  long  as  there  was  a  difference  of 
two  feet  or  lefs  in  the  height,  regulating  itfelf,  fo  (hat  the 
power  may  be  equal,  let  the  head  and  tail  water  rife  or  fall, 
by  which  a  fmooth  uniform  motion  is  maintained  and  adapted 
(o  the  fmalled  as  well  as  the  dronged  power  wanted.     If  the 
tail  water  re-a6ts  upon  a  water  wheel,  it  mud  lofe  fo  much  of 
the  power  of  the  fall,  or  in  other  words,  whenever  the  tail 
water  rifes  above  the  lowed  wad)  boards  of  the  wlieel^  a 
counter  a^ion  will   be  exerted  as  is  well  known  againd  the 
power  of  the  wheel.     A  confiderable  quantity  of  the  dream 
mud  likewife  efcape  without  any  good  efled.     Thefe  difad« 
vantages  of  the  water  wheel,  are  removed  by  the  fyphon  en- 
gine ;  and  in  frody  weather  being  fed  by  a  pipe  from  below  Fmily  weather 
the  ice,  it  will  not  be  impeded,  bccaufe  its  velocity  in  pading  J^*  •u'*^d 
through  the  engine,  will  prevent  the  water  being  expofed  a  other  hydraulic 
fiifBctent  time  to  the  cold  atmofphere  to  congeal  it;  and  when  °^A^Aea* 
at  red  the  engine  may  be  left  empty  .^  if'ilt'fcftrce  necefTary 
to  obferve,  that  when  the  engine  is  tiiu^  bitow  the  irunning 
head  of  the  dream,  it  will  fill  as  foon  as  (he  fluice  fs  opened^ 
and  fet  itfelf  to  work ;  but  when  placed  above  the  head,  it 
will  require  fufficient  vi'ater  to  fill  the  t^hole  interior  fpace« 
which  being  thus  charged  and  convertisd  into  a  fyphon,  will 
then  work  as  well  and  with  as  much  power  at  if  the  engine 
were  placed  below  the  head  of  the  dream. 

I  am. 

Dear  SIR, 

your  mod  obedient  and 
very  humble  fervant, 

JOHN  HARRIOTT*       • 
Thttma  PoHce,  Ike.  20,  IS02. 

REMARKS. 


KEMARKS.-W.  N.  ]]^^| 

GmGdcradonrf  The  conveiiiCBte  and  (ncilllici  alTordud  by  Mr.  IlarriciU^  I 
•bjeflioni  to  »  Engine,  will  be  obvious  lo  every  one ;  and  the  only  circum- 
■■iier  engine  ftaoces  which  Can  be  urged  in  ihe  way  of  objcflion  agaioft  it^ 
1^  *'  '  are  Lhole  wiiich  he  lus  himfelf  noticed ;  nnmelj,  ibat  it  la 
general  requires  the  water  tu  be  raircd,  which  is  lo  work  it  as 
I,ibndrof  riirinja  trauf,  and  that  this  water  is  fubjecl  to  freeze.     To  raeel 

I  the  Witcr,         jjjpf^  difiirulties  fairly,  we  mutt  admit,  that  if  a  Ion  of  water 
were  raifed  to  the  lop  of  a  warelioiife,  in  order  by  its  fall  to 
raife  a  Ion  of  goods  (even  if  il  tuuld  do  Dial)  it  would  be  fim- 
pier  for  tiic  warehoufcaian  (o  raifv  his  goods  ivithoul  the  in- 
tervention of  the  fluid.      But  while  we  admit  tliis  general 
trutii,  it  mufi  atfo  be  obferved,  ihai  l!ic  poliiions  do  not  include 
.    BsnputJ  wiih    the  whole  of  the  afilua!  cafe.     The  raiting  aiid  lowering  of 
rtovcit  lo  liDiA    gt'ods  being  a  procefs  of  confiderablc  tkill  and  intelligence, 
m4  lewcr  gLiods.and  being  necelTarilj  carried  on  vi'tlh  many  flapii>  juterruptioiu, 
and  variations  of  force,  ii  on  lliefe  accounts  performed  by  iJie 
molt  expcniivc  of  all  lirlf  uiovcrs ;  namely,  the  flretiglii  o£~ 
men,  and  even  this  power  is  for  a  l^rge  part  of  the  time  inac- 
tive; namely,  during  all  the  inlcrvak  of  operation.     Here 
llien  is  a  wide  field  for  the  faring  offeree,  if  iteouIU  beflored 
up  and  ufed  when  wauled.      Suppufc  for  example,   that  two 
men  were  employed  in  a  tronej  and  ibat  the  paufe*  of  inac- 
tivity amouiiied  to  one  third  uf  their  whole  time,  thefe  men 
would  be  more  bene6uially  employed  in  railing  water,  to  be 
afterwards  diredta  by  »  buy,  or  by  the  tijui  of  a  clerk  who 
L'Borbi.  o^qJ  jjy^  [„  ^^  accoom  of  the  delivery  of  patL-iges.     But 

as  horfe  worV  is  reckoned  at  leaft  five  times  as  cheap  as  human 
labour,  the  faving  of  labour  by  employing  that  animal,  would 
be  about  fi\  fevenths  of  the  whole  ;  and  /team  engine  work 
upon  a  very  fraall  Icale  indeed,  would  be  as  cheap  again  aa 
tiwd  biMt  boffe  work.  Hence  it  afipears,  that  after  every  allowance  for 
Huiion'icngiDclKe  greater  quantity  of  water  re(iiiired  to  produce  velocity  by 
lt™l'^uW  ''^  *^"'  ^""^  ^"^  ""'"  circumllances  the  faving  of  labour  muft 
tietti  fix  fc-  be  very  great,  by  lhu(  ceconouiizing  and  flonng  up  the  force, 
«nthi  of  ihot    exclufive  of  the  conveniences  detailed  by  Mr.  Harriolt  in  his 

owe.pcn  (  .     j^^^^^^ 

Froft  woBid  The  freezing  of  the  water  is  an  impediment  of  fuch  a  na- 

■Aa^it  ia  mill  *''*^»  ^^  "  ^^ '"  P*'''*?*  ^^  found  that  the  operations  of  n«- 
w4j>kwii4M>  tuni 
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from   this  caufe,   witli  liis  engine  aboul  as  toon  a 

lh»t  ve  more  expofed,  fo  that  its  advantages  woaI<l  confill  of 

the  other  particnlars  whicli  he  lias  detailed.     But  with  ihu  en-  but  In  crioe- 

gtiie  applied  for  raifing  good?,  it  is  to  be  apprehended  ^liat  •"'' 'f'*  "|"*, 

the  Rater  in  tlie  elevated  refervoir  would  be  bound  up  by  incapable  of 

ftecziog,  and  alfo  in  fevere  weather  checked  if  not  confined  fiteiing  it  ow 

by  the  fame  caufe  in  the  engine  itrelf.    The  remedy  for  this""'    ' 

appears  to  be  to  work,  the  engine,   by  raiting  tlie  fame  raafs 

of  fluid  repeatedly,  and  diflblviiig  Tome  cheap  material  in  it 

which  (hould   render  it   Icf;;  difpsfed  to  freeze.     Mofl  faiine  by  a  moden'e 

bodiei  would  have  this  effefl,  and  the  quantity  once  added.  ^u™''?.r!l.'''^ 


(hew  what  fait,  and  whctlier  eartliy,  neutral,  metallic,  aika- 
line,  or  acid,  miglit  be  the  cheapeli,  moft  efleftual,  and  leaft 
difpofed  to  aCl  upon  the  engine  *. 
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On  the  EkSridly  of  ilie  Sltavtagi  qfPToQd, 
Byjtfr.  W.  WrLSoM. 

S  I  R,  lond»n.  Dk.  13,  1802. 

I  OUR  readinefs  to  infert  tnj  letter  of  the  llthofOaober. 
encourages  me  to  requeft  iheinferlionof  the  followingaccoimt 
of  experiments  on  the  eleftiicity  obtained  by  cutting  of  wood,  ', 

&c.     In  doing  which  you  will  very  much  oblrge  ' 

your  obedient  humble  fervant, 

WM.  WILSON. 

HAVING  frequent  occalions  to  work  very  dry  wood  that  VfooHtwriagt 
has  Iain  over  a  large  fire  for  feveral  hours,  I  have  often  ob-  ^^  " 
ferv«d  (he  Ihavings,  &c.  to  adhere  to  the  tools,  and  whatever  i 

they  touched.     About  two  years  ago  I  began  to  take  parti-  i 

cular  noiiie  of,  and  endeavour  to  find  the  caufe  of  this  phe- 

*  la  the  confidtration  of  this  engine,  the  attention  of  the  reider 
will  be  dirtied  la  the  preflure  engine  of  Mr.  Trcrithick,  in  out 
flit  volume. 

Vol.  IV. — J«su*RV,  1B05.  E  nomenon. 
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■  nomcnan,  and  afiet  Tatisr^-in^  inyfelf  thai  it  was  not  occafioned 
^^  by  any  moifiiirc  or  roiiglmer!  on  Ihe  fubflauce ;  I  fufjiefled 

Uiat  duaricily  was  Ihe  cauTe,  and  I  ncvordingly  let  about  the 

exiieriments  whicli  are  the  fubjefl  of  this  commiinkalion. 

Drf  wirm  be«ii      ]  |akl  a  circular  tin  plate,  6  inches  in  diainelL-r,  on  Ihe  cap 

'bpofiiirci  *    '"^  Bcnnel's  deArometer,  and  with  a  piece  of  dry  and  warm 

H  ~  tvindow  glaTs,  fcraped  a  piece  o)'  dry  and  warm  beach,  a  levr 

I  of  the  Ihavipgi  Iwing  received  on  Ihe  tin  plate,  made  the  goid 

I  leaf  ftrike  the  fides  of  Uic  botlte  with  poliliTe  elearicit*. 

■  This  was  always  the  cafe  whether  [lie  Wood  was  hot  or  cx>ii(, 
H  but  not  always  equally  flrong. 

Hjnth Itcd DCEi-       I  thought  a  knife  would  be  more  convenient  than  glafs  t« 
K*"'  fcrape  will),  and  when  I  trifd  it,  I  found  the  ftiavings  were 

H  negatively  elctlnfied,  altliougli  ihey  were  taken  from  the  fame 

P  piece  of  wood  whith  betbre  gave  politivo. 

OAerwoodf.  1  his  change  in  the  refult  induccil  me  to  try  diAerent  woods 

in  different  ways  (foinetimes  fcraplug  and  Tom etinie^  culling 
fmall  chipn)  but  obtained  very  uncertain  refults,  for  fonnilinics 
I  obtained  pofitivo  and  fometimes  negative  eleflricify,  even 
when  I  cut  the  fame  piece  of  wood  with  the  fame  knife. 
An  mfulited  1  next  fixod  the  blade  of  a  penknife  into  »  gliSt  tube,  co- 

knife acquitei    y„eA  ^^.;(^^  fealing  wax,  and  fet  to  work  with  ihis  infulalej 
tkaridtj.        knife,  and  found  thai  it  was  always  eleflrified  with  the  con- 
trary deflricily  lo  that  of  the  chips  which  were  mofl  fre* 
quently  pofilive.     But  as  (hey  were  roraetimcs  negative,  I 
repeated  the  experiments  very  ofteo  to  difcover  the  caufe,  but 
with  very  tittle  fatisfaflion. 
A  Ourginfuln.      However,  after  making  feveral  hundred  trials,  1  found  the 
t^..,"' .  !r'. .  kecnnefs  of  the  edge  of  the  knife  had  fome  influence,  I'or  one 
■  MunierpD&-    day  after  chipping  with  tlie  infulated  knife,  and  getting  poli> 
^'  '■  tive  cliips,  I  fut  the  knife  on  a  hone  to  make  it  cut  better 

(which  I  had  frequently  doiie  before)  and  when  I  began  to 

Lchip  the  fame  piece  of  wood  wLicii  bul  juft  before  gave  pofi- 
tive  chip^,  I  found  the  chips  were  negatively  eleflrified  feve- 
ral times  I  'I'en  chipped  the  fame  piece  of  wood  wiili  a  knife 
that  had  been  very  much  ufed,  without  (liarping,  and  this  gave 
positive  diipi  as  the  Other  had  done  before  it  was  lliarpcd  j  the 
knife  that  had  been  (Iiarped  was  tried  again,  but  the  chips 
were  pofiiive  now,  however  when  it  was  Ibarpcd  again  it 
^ave  n^aLive  ciiipi. 


In 
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I  now  thought  I  had  found  the  caufe  of  ihe  corilradiflory  Other  eontr j- 
refulls,  but  to  be  more  ceitaiii  about  il,  I  began  the  ibllowing  ^'^T  "P"*- 
fet  of  experiments.     I  (tiarpened  a  pcnknit'e  to  a  very  nice  i 

edge,  and  ufed  (he  fame  pieces  of,  wood  that  had  been  ufed  i 

in  the  former  trials.  In  2+  trials  with  cherry-tree,  the  chipi 
e  alivays  negative,  and  in  four  IriaU  with  elm,  and  in  fix 
with  yew,  the  chips  were  always  negative.     I  now  drew  the  \ 

edge  of  the  knife  lightly  over  a  piece  of  iron  to  dull  it,  eX'  J 

peeing  to  get  pofilive  chips,  but  an  trial  the  chips  were  Hill 
negative.  Suppoling  the  knife  was  not  dull  enough,  1  drew 
the  edge  over  the  iron  again,  and  made  the  edge  very  bad, 
but  the  chips  were  dill  negative.  The  edge  of  the  kiiife  wai 
nent  made  rough  by  rubbing  it  on  a  grindlione,  and  this  rough 
edge  gave  negative  chips.  The  knife  was  next  ground  and 
fet  on  tlie  hone  very  carefully,  and  this  Iharp  edge  gave  nega- 
tive chips. 

As   nothing  falisfafiory  was  obtained  from  this  fet  of  expe-  Piobibilitj  tbrt 
rimenti.     J  began  lo  fufpefl  that  the  degree  of  heat  of  the|J^^'^;^''j[,^lJ 
wood  was  lo  be  conlidered  (for  the  wood  was  cold  in  all  the  fiuen«  tlie  n- 
laft  experiments,  and  foinetimes  hot,  and  fomelinies  cold,  but''""'" 
rood  frequently  hot  in  the  firft)  or  that  perhaps  the  heat  of  the 
wood,  and  the  (harpneHi  o(  the  knife,  were  both  to  be  taken 
into  the  con fi deration.     I  therefore  fet  about  the  following  fet 
of  experiments. 

I  fplit  the  piece  of  cherry  tree  (that  was  ufed  before)  into  Detail  ofcipf 
two  pieces,  one  of  which  was  made  thoroughly  hot  at  the  "T"'y"',!l|L^ 
fire.     This  when  chipped  with  the  fame  knih:  that  was  ufed  and  different 
in  the  lail  experiments,  without  being  lliarpened,  gave  pofi-  '|'"?|"^  '^  . 
five  chips  every  time  in  fix  trials,  and  after  this  piece  of  wood 
had  cooled  till  it  was  fcarcety  warm,  gave  pofitive  chips  everjr 
time  in  four  trials.     I  then  took  the  other  piece  which  had  not 
been  near  the  lire  lor  five  or  fix  hours,  this  gave  negative 
chips  every  time  in  four  trials.     I  now  made  this  piece  of 
wood  quite  hot,  thoroughly,  and  chipped  it  again  with  the  ', 

lame   knife,  and  in  feven  trials  the  chips  were  pofitive  every  « 

time.     Thefe  two  pieces  of  wood  was  now  laid  by  for  three  1 

or  four  hours  to  get  quite  cool.     In  this  (late  they  gave  nega-  « 

tive  chips  every  time  in  twelve  trials.     One  of  lliem  when  ' 

made  thoroughly  hot  again,  gave  poCtivc  cliips  every  time  ia  ^ 

lis  trials.     The  other  piece  was  now  made  warm  (but  aaly  > 

CKteTBally  fo)  in  eight  trials  it  gave  pofitive  chips  tout  times, 
£  3  a^ 
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and  negative  chips  four  limc< ;  but  after  laying. tfcrc*  or  four 
honn  to  cool  it  gave  negative  chips  every  time  in  eight  irals. 
A  third  piece  of  cherry-tree  that  had  not  been  netr.a  6re  fi>r 
four  or  ^ve  days  gave  negative  chips.     I  repeated  thefe  ex- 
periments with  diflerent  knives  that  had  not  very  (harpedges^ 
and  with  beach  as  well  as  cherry-tree.     And  whenever  the 
wood  was  made  thoroughly  hot  at  the  fire,  it  always  gave  po- 
iitive  chips,  not  only  when  hot,  but  when  it  was  fo  cooled  as 
not  to  be  fenfibly  warm  ;  bat  wlien  it  had  laid  away  from  the 
fire  three  or  four  hours,    the  chips  were  always  negative. 
Sometimes  when  the  wood  was  but  (lightly  warmed,  it  would 
be  very  difficult  to  get  any  figns  of  eledricity,  and  at  other 
times  when  the  wood  was  made  hot  only  externally  (by  putting 
it  very  near  the  fire  for  a  fliort  time)  the  firft  few  chips  would 
be  pofitive,  and  the  fucceeding  ones  negative.     I  had  one 
inftance  where  with  the  firft  chip  the  eledrometer  diverged 
"near  an  inch,  and  with  the  fecond  it  completely  dofed  agun. 
Having  fucceeded  thus  far,  I  thought  I  would  try  whether 
the  refults  would  be  the  Istrne  if  I  ufed  a  very  (harp  knife,  and, 
accordingly  (harped  two  knives  on  a  hone  very  carefully.  And 
I  ufed  the  fame  pieces  of  cherry-tree  made  thoroughly  hot ;  in 
nine   trials  with  one  of  the  knives,  the  chips  were  negative 
etery  time  and  in  dve  trials  with  the  other  knife,  the  chips  were 
negative  every  time.     I  made  a  number  of  (imilar  trials  witli 
a  piece  of  beach  with  always  the  fame  refults,  but  the  beach 
feemed  to  be  too  hard  for  that  keennefs  which  is  necelTary  to 
produce  negative  chips,  for  after  cutting  one  or  two  chips, 
the  edge  would  be  fpoiled,  and  produce  pofitive  chips ;  but 
always  when  the  knife  was  (harped,  the  firft  one  or  two  chips 
would  be  negative.     Similar  to  this  I  found  by  fubfequent 
trials  to  be  the  cafe  with  the  pieces  of  cherry-tree,  ten  or  twelve 
chips  of  this  (which  was  WQry  ftraight  and  open  grained)  would 
fpoil  the  edge, 

5h2r\nnofdTy  From  thefe  experiments  it  appears,  that  when  very  dry 
mood  by  glafs,  wood  is  fcrapcd  with  a  piece  of  window  glafs,  the  fliavings 
hot  w^*d  byT  ^^  ^^'"^'^y^  pofitively  elearified.  And  if  chipped  with  a  knife, 
moderate  ftecl    the  chips  are  pofitively  eleflrified  if  the  wood  is  hot,  the  edge 

bufii^tlllf '  ^^  ^^^  ^^^^^  ""^^  ^^^y  ^*^^'  *°^  negatively  eledrified  if  the 
cold  t— «nd  a  wood  is  quite  cold.  But  if  the  edge  of  the  knife  is  very  keen, 
wy  Ihtrp  edge  the  chips  will  be  negatively  electrified  whether  the  wood  i< 

gives  negative     t   .  u 

whether  hot  or  "Ot  or  COlO. 

COM.  a  The 
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The  greateft  number  of  trials  was  made  with  the  infulated  The  knife  aU 
knife,  which  wai  always  eleArified  contrarfly  to  the  chips  i  ^'y*  ***""^' 
but  the  furface  of  the  wood  where  the  chips  were  cut  from 
was  very  feldom  e]e6trified,  and  when  it  was  it  was  always 
but  weakly  fo,  and  of  the  fame  denomination  as  that  of  the 
weakeft  of  the  other  two.     I  have  repeatedly  found  that  if  a  Sptic  nood  hm 
piece^  of  dry  and  warm  wood  is  fuddenly  fplit  afunder,  the  ^*  twQ^atw* 
two  furfaces  which  were  contiguous  are  eiedrified,  one  fide 
pofitive  and  the  other  negative. 


—♦-■■^-     mil  m0amm^-m^»^^mf>^fmmm^'^mtm^l^fm^t^' 
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On  the  Compofition  qf  Emery.     By  Smituson  Tenkant^ 
Efy.    F.  R.  S.    (Ph.  Tranf.  1802.) 

X  HE  fubftance  called  emery,  which,  from  its  great  hard-  Bmerj  hu  aol 
ncfs,  has  been  long  ufed  in  various  manufadures,  for  grinding  J^^TwiSwii* 
and  polifliing  other  bodies,  has  not,  it  appears,  been  hitherto 
corredly  analyzed.  In  books  of  mineralogy,  it  hi  coniidered 
as  an  ore  of  iron ;  an  opinion  probably  derived  from  its  great 
fpecific  gravity,  as  well  as  firom  the  iron  which  it  frequently 
contains,  fiut,  where  jthis  metal  is  moft  abundant,  it  could 
not  be  extracted  from  it  with  advantage,  and  ought  rather  to 
be  regarded  as  ai>  impurity,  as  it  does  not  contribute  to  pro* 
duce  the  peculiar  hardncfs  for  which  this  fubftance  is  diHia- 
fraiflied.  In  Mr.  Kirwan's  mineralogy,  he  mentions  an  exa- 
mination of  emery  made  by  Mr.  Wiegleb,  from  which  he  in- 
ferred that  100  parts  coniiHed  of  95,6  of  filex,  and  4,4  of 
iron.  Mr.  Kirwan,  however,  judly  fufpeds  the  corrednefs 
i>f  this  account,  and  obferves  that  he  had  no  doubt  but  fome 
other  (lone  was  impofed  on  Mr.  Wiegleb  for  emery. 

When  powder  of  emery  is  boiled  in  acids,  it  becomes  of  a  Emery  ptmim 
lighter  colour,  from  the  lofs  of  part  of  the  iron ;  after  which,  ?'^^  P*^.*^^ 
it  does  not  feem  to  undergo  any  further  alteration.     As  acids 
produce  fo  little  eflfed  pn  it,  I  expofed  it  to  a  pretty  Hrong 
red  heiit,  with  carbonate  of  foda,  in  a  crucible  of  platina. 
On  adding  water  to  the  mafs  contained  in  the  crucible,  tlie  Soda  by  fufio% 
greater  part  of  the  emery  was  found  in  powder ;  having  only  J*^^*][^  f*^ 
become  of  a  light  colour,  from  the  extraction  of  part  of  thethe  eaier|. 

iron. 
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Iron.  Though  this  procefs  was  twice  repemted  with  thcr  r^ 
soaining  powder,  and  in  a  ftionger  heat,  a  great  porportion  of 
it  remained  undifTolved. 

The  alkaline  folution,  after  a  red  calx  of  iron  had  fobfided 

from  it,  was  (aturated  with  add ;  and  gave  a  precipitate  of  a 

white  earth,  which  I  found  to  be  ahnoft  purely  argillaceous. 

TVk  rflfnlt  It         The  refult  of  thefe  experiments,  was  fo  fimilar  to  thofe  of 

*jj^  ^J^^  Mr,  Klaproth  on  diamond  fpar,  as  to  render  it  very  probable 

«Mod  fy^.  ^'  that  emery  was  in  reality  the  fame  fubftance,  though  ufoally 

•  milled  with  a  larger  proportion  of  iron ;  and  the  fubfeque^t 

experiments  appear  to  confirm  this  opinion. 

Bmerr  polvt-        ^^  order  to  obtain  a  quantity  of  emery  as  fi'ee  from  iron  as 

fise4  and  cleared  I  could,  I  reduced  to  a  coarfe  powder,  a  piece  which  con- 

M^S^r^        filW  of  different  firata,  fomc  of  which  were  of  much  lighter 

colour  than  others ;  and  afterwards  feparated,  by  a  magnet, 

the  particles  which  were  attracted  by  it.   The  part  which  was 

not  attraded  by  the  magnet,  I  obferved  to  have  the  ufnal  de- 

gree  of  hardnefs  (by  the  fcratches  whidi  might  be  made  witk 

it  on  flint.)    I  then  reduced  it  to  a  finer  powder,  in  an  agate 

mortar ;  and,  as  this  was  principally  done  by  prefliire,  and 

Hot  by  grinding,  hardly  any  fenfible  addition  was  made  to  its 

weight.     In  the  fame  manner,  I  found  that  diamond  fpar 

might  be  powdered  to  the  fame  degree  of  finenefs,  without 

any  material  increafe  of  weight  from  the  mortar. 

ao  of  the  dear       Of  the  emery  powder  thus  prepared,  20  grains  were  taken, 

'^h^'^^flL     and  heated  in  the  manner  before defcribed,  with  120  grains 

'    of  foda,  which  had  been  previoufly  deprived  of  carbonic  add, 

and  boiled  to  drynefs  in  a  (iiver  pan.     fiy  nearly  the  fame 

procefs  as  that  ufed  by  Mr.  Klaproth,  I  obtahied  about  16,0 

grains  of  argillaceous  earth,  ,6  of  filiceous  earth,  ,8  or  ,9  of 

•od  by  the  (ame  ifon,  and  ,6  of  a  grain  remained  undiflblved.    Thefe  numbers, 

procefs  u  iciap-  j-cduccd  to  parts  of  a  hundred,  are  therefore, 

iroth'i  the  com* 

^•fi?"^  Argillaceous  earth      -        ,.        •        •        80 

Silex  - .  -  •  .  -  S 
Iron  -  -  •  .  .4 
llndiflulved $ 
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Mr.  Kkprorh  obtained  from  the  Chinefe  corundam,  after  proved  neirly 
feparaUng  from  it  the  particles  which  were  attrafted  by  the  ^^^^^f^ 
nuignet,  corundum. 

Argillaceous  earth     •  •  -        84* 

Silex  .  .  •  •  6,5 

Iron        -  -  •        •  •        7,5 

98. 

-  As  this  analyfis  was  no  doubt  conduced  with  greater  care 
than  mine«  the  lofs  of  weight  was  lefs ;  but  the  proportion  of 
the  ingredients  is  fofficiently  near  to  (how  that  the  fubftances 
are  elTentially  the  fame. 

From  25  grains  of  emery  which  appeared  the  nofl  impreg-  Odier  emery 
nated  with  iron,  and  yet  retained  its  ufoal  hardnefs,  I  obtained,  ^bMnvf  iioiu 
afgillaceous  earth  12,5,  fikx  2,  iron  S,  and  one  grain  was  not 
diflblved  ;  or,  per  cent* 

Argillaceous  earth      .           •           -  50 

Silex 8 

Iron'           •            •            •            •  S2 

UndiiTolved        -           •           .          .  4 

94.. 

As  fuch  emery  can  eafily  beliad  of  uniform  quality  in  large 
pieces,  I  procured  the  powder  employed  in  this  experiment, 
by  rubbing  two  pieces  againft  each  other. 

From  23  i^rains  of  emery,  fimilar  in  appearance  to  the  pre-  Another  uuk 
ceding,  but  which  had  b^n  digefled  with  marine  acid  pre-  ' 
▼ious  to  the  adion  of  the  alkali,  I  had. 

Of  argillaceous  earth 
.  Siliceous  earth  -  -  • 

Iron  .        •        •        .        . 

Notdiflblved         .... 

23,7        94,8- 

The  hardnefs  of  emery,  as  far  as  I  could  judge  by  its  cut-  Bmery  appetrt 
ting  rock  cryfial  and  flint,  appeared  to  be  equal  to  that  of^^^^^y^"  ^* 
diamond  fpar.     The  latter  could  not  be  fcratdied  by  the 
former ;  hut,  as  emery  has  not  a  fnrface  fufficiently  polifiied 
to  render  a  mark  vifible,  the  converfe  of  this  could  not  be 

AU 
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All  lite  emery  which  is  urcd  in  En^lana,  ii  taid  to  be  brought 
from  the  IGands  of  the  Archipelago,  and  principally  from 
Naxot.  In  lliofe  places,  it  i<  probablv  very  abundant;  as  the 
price  of  it  in  London,  which  I  was  toid  wai  S  or  10  Ihillingt 
the  hundred  weight,  appears  little  more  than  fulBcient  for  lh« 
charges  of  carriage,  Thwugli  I  faw  a  very  large  quantity  in 
one  place,  (more  than  a.  Lhoufaiid  hundrt-'d  weight,)  I  could 
i  not  liiid  any  pieces  of  a  cryflallized  form ;  poUibly  the  great 
proportion  of  iron  ufually  mixed  with  it,  may  prevent  id 
cry  Hall  izalion.  The  whole  confi/led  of  angular  blocki  in- 
cnifled  with  iron  ore,  fumetimcs  of  an  oflaedral  form,  with 
pyrites,  and  very  often  wiih  mica.  The  latter  frequently 
penetrates  the  whole  fubfiance  of  the  mats,  giving  it,  when 
broken,  a  filvery  appearance,  it*  feen  in  the  dire^iun  in  whieh 
the  flat  furfaces  prefent  tliemfelves  to  the  eye.  As  Ihefe  fub. 
fiances  have  no  chemical  relation  lo  the  emery  itfell,  it  ii  re* 
I  markable  that  they  (hould  alfo  accompany  the  diamond  fpar 
from  China;  for  Mr.  Klaproth  obferves,  "that  iti  lateral 
"  facets  are  moflly  coated  witli  a  lirmly-adhering  crutl  of 
■•  micaceous  fcales,  of  a  filvery  luflre;"  he  alfo  mentioni, 
tclide;  felfpar,  pjriies,  and  grains  of  magnetit;  iron  ore. 


Eiptrimmh  and  Ohfereatima  on  tfte  Potiw  ofFluiit  to  conduS 
Heat ;  with  H^erence  to  Count  Fan^ford's  Sntntk  EJfm/  on  iht 


The 


iTinfmiffiDii  of 
hrtt  b)  tircuU 
tinn  tbrough 


b. 


£  nsture  and  properties  of  fire  or  heat  are  fubjedi 
which  prefent  themfelves  to  our  confideration  in  almoft  every 
department  of  phyGcs :  i  t  is  no  wonder  thcrefijre  that  new  ex- 
periments, which  point  out  and  define  the  modes  of  opcralioa 
of  fire,  before  unobfen.'ed,  or  at  leaft  too  much  overlooked, 
Ihould  altraft  liie  attention  of  philofuphers.— Thefe  obferva^ 
lions  were  fuggefled  upon  reading  Count  Rumfotd'i  very  m. 
gcniotis  experiments,  in  his  eflay  above- mehtiotied,  whidi  ox- 
'  hibit  a  fafl  in  a  raore  Ilriking  point  of  view  than  it  has  *p- 


*  Mandicfter  Mmuun,  vol.  t.  373. 
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peared  before — namely,  tluit  l!u:  qukkneli  tf  the  dreulation  and 

digvjion  qf  heal  in  /laid*,  is  occafirmrd  principaU^  bi/  tht  iiUernai 

niottim  arifiag  J'rOm  a  change  qf  Jpo^ijic  gravity  affctied  I/9  ihe 

krai, — Bui  tlie  conclufion  he  ha-i  drawn  from  them — ihutfimdt  ' 

«re  pti;foS  nnn-conduSnn  of  liail,  in  the  wav-in  which  folids  con-  Hit  iafatoDt, 

du£l  il,  appears  ti)  mc  tolally  unwarranled  from  the  expcri-  '  "       jl^iiuM 

raeota,  and  erroneous  in  itfelf.     And  as  it  may  be  an  error  of  ciinneou*. 

practical  conrec(ueuce,  if  ailopled,  theexpofilionof  itfeem«d 

defirable — whivh  ii  ihe  objccl  of  the  following  remarks  and 

experiments. 

My  firrt  attempt  was  to  afcertain  the  precife  degree  of  co!d  Eipeilmmu. 
at  which  water  ceafes  lo  be  further  condenfed — and  likewife 
how  mucli  ii  expands  in  coaling  below  that  degree  10  the  tera- 
peralure  of  freezing,  or  32".  For  this  piirpofe  I  took  a  a  ihermomcm 
thennometer  tube,  fuoh  as  would  have  given  a  fcale  of  10' 
inches  with  mercury  from  3'2*  to  812*',  and  filled  it  with  pure 
wat«;r.  ]  then  graduated  it  by  an  accurate  mercurial  thermo- 
meter, putting  them  together  in  a  bafon  filled  with  water  of 
various  degrees  of  heal,  and  rtirring  it  ocirafionally  :  as  it  !« 
wvll  known,  thai  walet  doe<  not  expand  in  proportion  lo  iti 
beat,  it  does  not  therefore  kflord  a  thermomelric  fcak  of  aqukl 

parts,   like  quickfitver. 

From  repeated  trials  agreeing  in  the  rcfult,  I  find,  that  the  Grt-i 
water  thermometer  is  at  the  lowcfi  point  of  the  kale  il  i;  c»-  *''^,^ 
pabk  of,   that  is,  water  is  of  the  grcatelt  denfity  at   42^°   <*f 
the  mercurial  thermometc-r.     From  41°  to  44°  inclu^vely  the 
TariatioD  is  fo  fmall  as  lo  be  Jufl  perceptible  on  the  fcale; 
bat  above  or  below  ihofe  degrees,  the  expanfion  has  an  in-  L"*  ' 
oreafing  ratio,  and  at  32°  it  amounts  lo  {th  of  an  inch,  or 
about -r^gih  part  of  ihe  whole  expanlion  from  42'*ito2i2« 
or  boiling  heat, — During  the  invefligaiion  of  this  fiibjefl,  my 
attention  was  arr<'fted  by  the  circuinflance,  that  the  ospanfion 
of  water   was  the  fame  for  any   r.umber  of  degrees  from  Ihe  ri  Ii  ■ 
point  of  greateft  condenCation,  no  matter  whether  above  or  '"  , 
below  it:   thus  I   found  (hal  32",   which  are    lOaJ  below  Ihe 
point  of  grealcll  deniily.  agreed  exaClly  with  53",  which  are 
iO'k  above  the  faid  point;  and  fo  did  all  t}ie  intermediate 
degrees  on  both  fides.     Confequently  when  ihe  water  ther- 
mometer  flood  at  "53°,   it   was  inipodible  to   fay,  without  ■ 
knowledge  of  other  circum fiances,  whether  its  temperature 
wu  leailjt  iS",  or  33*.    RecoJIefting  fome  experiments  of 

^v.\-  Of. 
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Dr.  Blagden  in  Ihe  Phiiofophical  Tranfaaions,  from  which  it 
appeart  that  wafer  wa*  cooled  doivn  to  21°  or  22*  without 
did  thi  »tKr  freezing,  I  was  curioas  to  Ice  how  far  this  law  ofevpanlioi) 
SIL**  b*"'  would  continue  below  the  freezing  point,  previoufly  lo  Ihe 
S«  or  6*  •itfa-  congelation  of  the  water,  and  therefore  ventured  to  put  the 
-  frtctiBf,  water  (hermometer  into  a  mixture  of  fnow  and  fait,  about 
2S'  below  the  freezing  point,  expecting  the  bulb  to  be  burd 
when  the  fudden  congelation  took  place.  Afler  taking  it  out 
of  a  mixture  of  fnow  and  water,  where  it  Hood  at  32*  (that 
is  53°  per  fcale)  I  iinmerfed  it  into  the  cold  mixture,  when 
it  rofe,  at  RrQ.  !\ow]y,  but  increaljng  in  velocity,  it  palled 
60",  70",  and  was  going  up  towards  80",  when  1  took  it  out 
to  fee  if  there  was  any  ice  in  the  bulb,  but  it  remained  per- 
feflly  tranfparent:  I  immerfed  it  again,  and  rajfcd  it  75'  per 
fcale,  when  in  an  inflant  it  darted  up  to  126",  and  that  mo- 
ment taking  it  out,  the  bulb  appeared  white  and  opake,  the 
water  within  being  frozen  :  fortunately  it  was  not  burll ;  and 
the  liquid  which  was  raifed  thus  to  the  top  of  the  fcale  was 
not  thrown  out,  though  the  tube  was  uiifealed.  Upon  ap- 
plying  the  hand,  the  ice  was  melted,  and  the  liquid  rcfuraed 
iti  ilatioii.  This  experiment  wa»  repeated  and  varied,  at  tha 
expence  of  ft:veral  thermometer  bulbs,  and  it  appeared  that 
water  may  be  coaled  down  in  fuch  ci re um fiances,  not  only  to 
21",  but  5*  or  6',  without  freezing,  and  that  the  law  of  ex. 
panfion  abovementioned  obtains  in  every  part  of  the  fcale 
from  42°|  to  10"  or  below  ;  fo  that  the  denfity  of  water  at 
10'  is  equal  to  the  denfity  at  75*.  But  a;  the  difcovery  of 
this  curious,  and  I  believe  hitherto  unnoticed  property, 
little  to  do  with  the  objefl  before  uf,  I  fhall  fay  no  mor«  ol 
at  prefenf. 

(To  bt  contimitd  in  our  ntil,} 
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tteStare/iip  o, 


Sahjeas  of  Natural  and  Experimtntal  I'liUofofthi/. 
at  Naocajik  upon  Ti/ne. 


i»-MONG  our  provincial  rocietles  Tor  promoling  the  cu!ti-Eft"UilI>n«ntrf 
Vation  of  literature  and  philofophical  purfoits  the  '"ociety  at|^P|^'^5J^^ 
Newcafile  upon  Tyne,  has  for  a  number  of  year*  poflelTed  utile  upon 
m  eminent  Ration  for  the  ability  of  its  members,  and  the  un-''^>"'- 
remilling  afliduity  and  intelligence  which  they  have  exerted  to 
flifcovef  and  carry  into  effefl  thofe  objeflj  which  bodies  of 
men  are  beil  capable  of  promoling.  We  all  know  that  it  ii 
eafy  for  a  body  of  men  to  alTemble  tngelher ;  to  dignify  (hem- 
felvei  by  a  name  ;  to  hold  forth  (Iriking  pretenfions  to  the  un- 
inftrnfteri  mullitude;  and  lo  make  a  fort  of  commerciaUraffic 
of  that  fcienli fie  celebrity  which  the  voices  of  men  can  confer 
upon  each  other,  for  a  time  at  leaft,  while  the  great  public 
may  afk  in  vain  what  they  have  done  to  deferve  it.  But  when 
k  body  of  true  friends  to  their  country  and  to  mankind  meet 
Iflgethef,  to  confidet  in  what  way  ihey  can  bed  employ  Iheif 
talents  for  the  good  of  fociety  and  the  promotion  of  the  arts 
of  civilized  life,  within  that  diflrifl  which  more  immediately 
fells  under  the  limit  of  their  notice,  and  the  extent  of  their 
power  anil  influence ; — when  their  well-earned  celebrity  is  a 
fecondary  objefl,  in  comparifon  with  the  internal  falisfnflion 
sfTorded  by  a  proper  employ  of  talents  and  virtue — fuch  an 
hffociation  becomes  a  public  bleHing,  and  its  good  confe- 
quencet  extend  to  the  remotefl  periods  of  after  Itraes,  TheAfl! 
Literary  and  Philofophical  Society  of  Ncwcaftle,  hai  already  ^^^'^^^'l' 
made  inquiries  into  the  ftate  of  the  arts,  of  agriculture,  and 
of  the  mineral  produfls  of  theii  vicinity.  It  has  aflilled  llie 
diffuCon  of  knowledge  by  the  eilablilhent  of  a  well  regulated 
■nd  ea61y  aceeflibie  library;  and  it  has  lately  proceeded  lo 
eonftilute  a  leflureJhip  on  ihe  fubjefli  of  natural  and  experi- 
mental phiiofophy,  the  rcquifite  Aeps  for  which  are  now  in 
progrefs  with  great  fpiril  and  aflivity. 

On  Ihe  fourth  of  May  laft,  a  paper  by  Mr.  Thomas  Bigge,  Hiftory  nf  ibc 
on  the  expediency  of  eftablifliing  a  IcflureOiip  at  Newcaftle  P"'[»'«'  I'""" 
Opon  Tyne,  upon  the  fubjefls  of  natural  and  experimental 
phiiofophy,  wu  read  :  In  tliis  paper,  we  Jind  a  clear,  elegant  Mr.  Blifc** 
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and  animated  flatement  of  its  objeds ;  confidtfad  at  well 
mth  regard  to  their  great  Influence  on  fociety,  m  to  tbafa 
local  circumilances  towards  which  the  intention  of  the  author 
was  more  particularly  directed.  In  this  paper*  no  lift  &nkit 
ing  for  the  value  of  its  contents^  than  ftor  the  eftimable  mo- 
tives of  its  author^  we  find  fa6!s  which  Arongly  fnpport  what 
has  been  faid  at  the  commencement  of  this  article  conccming 
idofted,  and  an  the  general  proceedings  of  this  refpeclable  fociety.       Ii| 

•ubllc  ^^rtfed.  co'^fe*l**c'^cc  of  this  fuggedion,  the  fubjed  was  again  refamed^ 
and  an  addrefs  to  the  public  was  circulated  in  the  month  of 
June,  requeuing  their  co-operation  and  afllftance,  exhibiting 
fome  part  of  the  outline,  and  announcing  that  the  appoint* 
fnent  of  Lecturer  has  been  made  to  the  Rev.  Wm.  Turner^ 
a  gentleman  long  and  well  known  to  the  fociety  for  th^  abilities 
with  which  he  bad  exercifed  the  office  of  fenior  fecretary. 
Since  that  time,  confiderable  progrefs  has  been  made  in  the 
fublcriptions ;  and  the  ledurer  delivered  a  general  introduc* 
tory  difcourfe  on  Tuefday,  November  the  16th  laft^  upon  the 
objects,  the  advantages,  and  the  intended  plan  of  the  Iec« 
tures.  I  am  forry  that  the  limits  of  a  fliort  ntoioe  forbid  the 
attempt  to  give  any  analyfis  of  this  excellent  difcourfe^  which 
affords  ample  evidence  of  the  comprehend ve  views  of  the 
author,  with  regard  to  Uie  organization  and  duties  of  fociety 
in  general,  as  well  as  the  fciences  he  has  undertaken  to  teach. 
I  have  thought  it  might  be  advantageous  in  fome  degree  to 
the  views  of  this  public  body  to  give  the  prefent  accoant^ 
(hort  and  imperfed  as  it  muft  necefTarily  be,  and  dill  more  to 
the  world  at  large,  if  the  exertions  in  &vour  of  the  fciences  in 
one  part  of  the  kingdom,  (hould,  as  is  moft  probable,  be  fol- 
lowed by  fimilar  proceedings  in  others. 


On  a  new  Kind  qf  Mortar  called  Plainer  Cement* 

hswant  oft         Among  the  flones  on  the  fea-beach,  near  Boulogne,  a  par. 

wtif  cemeau  tJcular  kind  is  colleded,  which  when  calcined  and  pounded 
like  plaifter,  forms  a  very  hard  cement  with  water.  This 
fubftance  has  been  ufed  for  ceconomical  purpofes,  and  was 
found  to  poflefs  the  valuable  quality  of  refi fling  water;  under 
which  fluid,  it  hardens  very  ilrongly,  and  much  more  than  in 

the 


the  air. .  Many  conffaradions  made  with  this  cement  afTord  the 
moft  complete  proof  of  its  foUdity  and  tenacity.  The  detail 
of  Aefe' experiments  are  given  in  a  report  prcfented  by  Lt 
Si^e  to  the  fociety  of  Agriculture,  Commerce  and  Arts,  at 
Boulogne*  Thefe  muft  no  doubt  be  of  much  local  import- 
Mice;  but  the  aaalyiis  of  Guy  ton,  as  it  tends  to  elucidate  tha 
compofidop  of  cements,  is  of  more  extended  confequence. 

The  fpecific  gravity  was  between  2,04  to  2,19  and  10 
grammes,  or  about  !•  of  an  ounce  produced  in  cente* 
grammes. 

Lime         •        •  <»  •  403 

Carbonic  acid  ...         330 

Clay  .  •  -  -      187 

Oxide  of  iron  •  ^  .»  70 

Alumine    -  •  «  .5 
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The  187  centegrammetof  clay  affi>r<led. 

Silica  -  •  -  -        99 

Alumine      -  •  •  •  39 

Oxide  of  iron  -  -  -        43 
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The  flones  are  therefore  compofed  of 

Lime            ....  403 

Carbonic  acid        -            -                 -  330 

Oxide  of  iron            -                -            -  113 

Silica            •            •            .            ly  99 

Alumine        •             •            •           •  44 

Lo(k            •            •            •           -  11 

1000 

Citizen  Guyton  (hewed  a  veffel  to  the  (bciety  d^Encou* 
;:agement  at  Paris,  which  was  very  dofe  and  firm  in  its  tex- 
ture, whence  the  abridger  in  the  bulletin  des  Sciences,  from 
^hich  I  take  this  article,  exprefles  his  opinion  that  it  woald 
prove  very  ufeful  in  the  &brication  oif  varioai  artidet  of 
pottery. 
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Note  coiurning  Tux)  Brother*  <tf  a  Race  qf  Men  refrmbiiig 
rorcupincj. 

ifing  Many  philafophtrt  have  alrRady   fpolccn  concerning  Uiii 

ind  rplnei  f^^^  (jig  reality  of  which  has  been  edablifhed  in  a  iamily  well 
«"P'«'-  [.^o,^  |,j,  [|,g  „3^g  Qf  I^mberl.  Two  brothers  of  this  fc- 
mity,  all  the  males  of  which,  have  their  bodies  covered  with 
fpines  or  fcalei,  are  at  prefent  in  Paris.  One  i;  24  and  (he 
other  1 1  years  of  age.  The  body  of  Ihe  eldcti  is  entifely  co- 
vered, except  the  head  and  the  infide  uf  the  hands  and  feet : 
the  youngeft  ft  rmked  in  Tome  places,  particularly  about  the 
breatt ;  but  Die  brown  fpots  on  ihofe  parts  fufficieiitly  indicate 
that  when  he  advances  in  age,  he  will  Ijccoine  as  rough  as  his 
brother.  The  fpines  on  the  back  of  the  hand  are  very  large, 
and  may  be  compared  for  their  diameter  to  the  quills  of  the 
porcupine;  but  thofe  upon  the  breall  have  a  greater  refem* 
blance  to  fcaJes :  they  are  rmall  long  plates,  very  numerous, 
and  near  together,  being  vertically  implanted  in  the  Ikin. 

This  thickening  of  the  epidermis  and  hair,  proceeds  from  x 
Jifcafe  trsnrmitled  Trom  generation  to  generation,  but  only 
from  male  to  male.  Fi^e  gencrationi  have  been  already  at 
aiOed  with  it. 

Bull,  de  la  Soc.  Philomath. 


I-  The  Minerolngy  of  Derbyjkire,  tvilh  a  Defcription  qf  the  w>fi 
iitlere^ng  Mines  in  the  North  qf  England,  ia  Scotland,  and  m 
tFaUi;  aid  an  Aadyfu  qf  Mr,  WiUiams'i  ITork.  tnlitkd, 
"  Tht  Mineral  /Cingdom."  Saigoined  is  a  Gloffary  qf  the 
Termi  and  Phrafn  ufed  by  Miners  in  Dtrbyjkire.  By  JoaH 
Maws,  London.  Phillips,  George  Yard,  1602,  o&ico,  211 
Pages,  with  ^  Engravings. 

TTie  author  of  this  ufefol  book  was  employed  by  a  Spanifli 
gentleman  to  make  furveys  of  our  principal  mines  in  Derby* 
(hire,  to  colleft  their  various  produdions,  and  more  particu- 
larly fpecimens  from  each  ftralum,  defcribing  their  thick nefs, 
filuatiun,  and  pofition  ;  in  order  lo  Ihcw  an  exafl  reprcfen- 
Uiion  ot*  the  minet  for  tbo  royal  cabmet  at  Madrid,  To  the 
L^  ,  •  obfervationg 
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ibfervations  thus  made,  lie  has  added  accounts  of  fome  mine; 
I  In  Scotland  ;  a  Tour  from  Glafgow  to  Slaffa  j  the  fall  mines  at 
I  Northwich  i  the  Parya  Mine  ;  Obfervations  in  Wales,  And  an 
j  Account  of  Mr.  Williams's  book,  in  2  vols,  called  the  Mi. 
L  serai  Kingdom.  This  account  leems  too  concife  to  be  of 
.great  utility,  and  as  a  critique  would  have  anfwered  its  piu- 
F  pofe  as  well,  if  a  few  of  the  epithets  had  been  more  civil. 


'    An  En^ry  inlolht  Caufes  qfthe  Errors  and  Irregutarilieitw/arh  S/ta  on  tbt 
lake  place  in  ajlrrlaining  the  SlrengtJt  of  Spirituous  Liquor*.  4y  li/^roin««»- 
the  Hydiometcr,  Kith  a  Dcmonfi ration  »f  ll>c  Praaicabitity  qf 
Jiinpl^i^  and  rendering  tlui  Infirument  accurate.     By  Wil- 
liam Speer,  SupeTviJhr  and  Affai/er  qf  Spirit!  in  the  Port  ^ 
Dublin.     OSavo,   ts  Fagei.     London,  1802. 

On  ttie  prefent  occafion,  when  the  government  of  the 
country  appears  difpofed  to  fettle  this  point  of  experimental 
philofophy,  upon  which  rcfults  of  confideraUe  importance  to 
the  revenue  anij  to  private  property  depend,  but  which  have 
eerlAlnty  been  hitherto  conducted  in  a  flovenly  tkhd  inacciirale 
manner,  it  muft  be  very  acceptable  to  all  parlies  to  fee  the 
Tubjefl  clearly  treated  in  a  fmall  pamphlet.  After  a  fliort  In- 
troduftion,  the  author  gives  an  account  of  the  origin  and  rife 
of  the  hydrometer,  the  caufes  of  its  irregularities,  the  ditferent 
modes  of  charging  overproof  j  the  principal  defeflsinClarke'i 
hydrometer ;  the  imperfeftion  of  the  weights  in  that  inl1rii> 
roent ;  the  general  principles  of  floating  indruments ;  the 
fiandard  of  pure  fpiril;  Gilpin's  tables;  modes  of  Amplifying 
the  hydrometer!  defcriptlon  of  his  own  improved  hydro- 
meter  :  with  anfwers  to  objeftions  that  probably  might  be 
made  to  it ;  and  he  concludes  with  a  chapter  on  the  neceflily 
of  a  Oandard  for  proof,  and  other  praflical  objefis  of  confe- 
4juence  in  this  bulinefs. 

M.  Speer's  own  hydrometer  confi  fls  of  a  ball  and  (lera,  with  DtfctipdNi  of  1 
counterpuife  beneath  as  ufiial,  and  the  upper  or  graduated  ^^"^^^ 
ftem  is  made  of  an  oftagonal  form.  Upon  each  ol  the  eight  o^>tdn>lj  ock  I 
&ces  is  engraved  a  fcale  of  per-centages ;  by  infpefiion  "f '''*'?^|V°' "?•  I 
which,  the  quality  of  the  fpirit  is  feen.  But  as  the  inl]ruinent  diSciuitttiDpe*  ' 
will  fink  to  different  depths  in  the  fame  fpirit,  according  to  "'»"• 


^  ilCCOVVT  at   BOOKS^  &c. 

Speeroa  the  1^  tempcratore^  the  kalenpon  each  of  the  huocB  it mdMpbtd  l» 
Vj^na^^^  m  determinate  temperature,  namely  S6*,  40*,  4*^,  <ce.  till 
die  laft^  which  is  kr  70^.  The  temperature  of  tha  %Ml:  M^ 
in^  therefore  knowM,  the  rcfuk  muft  be  read,  ilpoo  that  fta^ 
»t  the  top  of  the  wluch  the  iaiown  temperatuce  i«  engnvai) 
and  to  prevent  mnj  miflake,  there  is  a  fnia!I  index  to  fae  ppt 
on  the  fiem  to  diced  the  eye  of  the  obferver  to  the  proper 
fiice.  And  moreover,  as  the  temperature  is  (hewn  only  to 
every  five  degrees,  there  is  another  index  of  a  difierent  co- 
lour, which  performs  the  office  of  a  weight,  and  (hewi  the 
intermediate  temperature.  Thi<  .may  alfo  be  effiaAed  by 
warming  the  fpirits,  by  holding  the  glafs  in  the  hand  till  its 
temperature  agrees  with  that  marked  on  one  of  the  fiicet;  .or^ 
as  I  underftand  from  the  fpecification  of  the  author's  patent, 
ihe  precifion  of  a  fingle  degree,  if  required,  may  alfo  be  lob* 
tained,  by  four  finall  pins  to  be  inferted,  one  for  each  interme- 
diate degree  in  holes,  in  the  counterpoife  below,  where  in  fk6t 
tbey  operate  as  weights  of  adjuflment. 


On  the  lad  day  of  this  month,  Mr.  Macartney  will  com- 
mence a  Course  of  Lectures  in  the  Medical  THaA.Taa 
.OP  Saint  Bartholomew's  Hospital,  oh  tlic  Analqmjf  qf 
Aramah  and  Vegetables,  from  which  will  be  deduced  the  ge- 
neral Do&ines  of  Phyfiology,  or  the  laws  of  Organized 
Matter. 

For  Particulars,  apply  to  Mr.  Nicholson,  at  the  Apo^ 
Ateaiy's  Shop,  St.  Bariholonicx's  HoJpitaL 
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ARTICLE    t. 

Anjwer  to  the  Obfervatiant  qf  Mr,  WiLLtAK  C&uidKSHAKK 
i^n  the  Dodrine  qf  Fklogifton  *.  *  /n  a  Letter  from  the  Rev. 
Joseph  Priestley,  JLL.D.  F.R^S.  ifc. 

To  Mr.  NICHOLSON. 

NorthumberUmd,  America,  Nov.  5,  1802. 
S  I  R, 

I  ESTERDAY  only  I  received  the  fifth  Number  of  your  Intwduaory 

valuable  Journal,  viz.  for  May,  which  contains  Mr.  Cruick-  P^'V"?*** 

(hank's  reply  to  my  defence  of  the  do6trine  of  phlogifton  in  an« 

fwer  to  him ;  and  it  gives  me  iincere  pleafure  to  obterve, 

that  he  (hews  fo  much  zeal  in  the  defence  of  his  hypothefis, 

as  by  this  means  the  truth  viill  appear  the  fooner.     I  only  la« 

ment,  that  my  great  diftance  will  neceflarily  make  the  con- 

troverfy  of  much  longer  continuance  than  it  would  otherwife 

be. 

Mr.  Cruick(hank  cenfures  me  for  mi(quottng  his  wonb«  and  ThefBoMioii 

mifiaking  hi^  meaning.    If  I  have  done  fo,  1  can  a(rare  him  SSIlS^Sffe 

that  it  was  without  deGgn ;  nor  do  I  perceive  that  what  he  fbttd  to  bt  of 

BO  cmiCmoibkc  . 
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aliedges  of  Ibis  kind  is  of  aoy  oonfcqaenot^o  the  nmm  ugi*- 
rnent.    On  the  other  hand,  he  &f^  p.  40,  with  m  «ir  of 
triumph,  but  before  the  vidory,  that  "  having  ilddttional  dtf» 
ficulties  to  firuggle  with,  I  have  been  under  the  aeceffity  of 
ad^ting  new,  and  Ibmetimes  contradidory»  opinions,  in  mjr 
explanations  and  defences*'' 
Tht  Aicaffion       Now  I  really  am  not  fenfible  of  any  difficulty  whatever  in 
aodiftcttky*      ^^'^  difcufilion ;  and  in  advancing  this  he  feems  not  to  have 
apprehended  my  fentiments  with  reiped  to  the  calces  of  me- 
.tals.    If  he  was  acquainted  with  my  paUicationsr  he  would 
have  found  that  there  was  nothing  either  new,  or  contradic- 
tory, in  what  I  have  now  advanced  on  this  fubjed,  or  that  of 
the  compofition  of  charcoal ;  thoogb  that  I  have  fometimes 
changed  my  opinions  on  philofophical  as  well  as  other  fab« 
jcds,    I  readily  acknowledge,  and  witl|put.any  feeling  of 
(hame. 
Finery  cinder         In  my  opinion,  and  that  of  long  fiandii^  the  black  calx  of 
contttns  witer    J|.q|,^  commonly  called  fa»ay  cinder,  contains  no  oxigen,  bat 

«n  nikUns  phio-  ^^^  water ;  and  though  the  calx  of  sine,  and  the  yellow  cabc 
gifloo)  water     of  lead,  called  rnqficot,  do  contain  Tome,  it  is  fo  little  that  I 
^*'"*^**^' cannot  deted  it.    Mr.  Cruickttiank  fays,  p.  42,  that  ''if 
water  be  the  only  fubflance  contained  in  oxides,  heat  alone 
ought  at  lead  to  revive  fome  of  them,  and  that  in  this  cafe 
nothing  but  water  would  be  feparated/'     Now  what  I  main- 
tain is,  that  when  finery  cinder  is  revived,  (which,  however, 
is  not  done  without  the  introduction  of  phlogiflon)  nothing  but 
water  is  feparaled  from  it. 
The  preCent  let.     Oxigen  is  undoubtedly  contained  in  the  red  calx  of  lead, 
mhiTo^y    called  minium,  and  in  that  of  mercury ;  but  I  fay  that  even 
thefe  cannot  be  revived  without  the  introduction  of  phlogiflon. 
TTiis  fubjedt,  however,  I  wave  for  the  prefent,  wiihing  to 
difpatch  that  of  the  air  from  Rnery  cinder  and  charcoal  before 
we  proceed  to  any  other ;  and  I  wi(h  Mr.  C.  to  attend  to  the 
following  obfervations,  which  I  fliall  now  (late  more  difiindly 
than  I  have  done  before,  that  it  may  be  the  eafier  for  our  rea« 
ders  to  judge  between  us. 
Mr.  C*i  theory       1*  Mr.  Cruickfliank's  hypothecs  requires  that,  in  the  pro* 
^**^*"^*^u     ^^^^  ®^  heating  finery  cinder  and  charcoal,  the  oxigen  in  the 
fltdtboa  tofctw^n^y  cinder  fhould  quit  that  fubfiaiice,  and  unite  with  carbon 
ftxtd^ vrith     tn  the  charcoal,  in  6rder  to  form  fixed  air.     Since,  however; 
^y||^|^|||^i,a  .  this  fixed  air  is  to  be  .deoompofed  by  iron^  the  oxigen  which  it 
Iks  iron  hi  order  4  >a3 


r 
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liu  got  from  the  finery  cinder  mall  be  feparaled  from  it,  and  to  Iei*e  oxidt « 

enter  into  the  fame  calx  again.     But  while  llic  heal  (^ontinue»^JJ^JJj|jpj^ 

tlie  fame,  1  deem  thefe  contrary  cfrcfis  to  be  iropollible.     If n  the  Itmc  hai 

(he  degree  oi  heal  that  is  apphed  expel  oxigen  fcum  the  calx, 

it  will  ceilainly  prevent  its  return.     Conftqueiitly,  if  fixed  air 

be  formed,  it  cannot  be  decompofed  in  ihele  circumflance'.  ^ 

2.  II  it  was  polhble  fur  oxigen  to  be  feparaled  from  tiaery  Cartwnbcln|  i 
cindur  without  any  thing  entering  into  it,  which  I  think  '^""""",^-"^J*^ 
not  be  done,  it  could  not,  according  to  the  new  theory,  form  compouad  wjdt 
any  thing  by  its  union  with  carbon  befides  ped  air;  this  be- °'^e=n.<"^lr 
ing  faid  to  be  carbon  dilTulved  in  oxigen  gas,  but  nothing  in-cgndu^gj  ,h,t ' 
flammable  could  be  produced  by  their  union.  Of  this  Mr.no'nflMumblid 
Cruicklhank  is  fenfible,  and  therefore  he  wus  under  the  ne.'f^^''j^>  "^ 
celTity  of  fuppoling  that,  after  the  oxigen  bad  quilted  the  finery  finirj  einderf^ 
cinder,  it  mufl  enter  into  it  again.  £ut  if  this  were  poffible, "^j^^'  "*^ 
notliing  would  remain  of  ihe  fiKcd  air  but  rarbm,  a$  before  that 
union ;  and  this  is  a  foMd  fubflance,  incapable,  without  the 
aid  ol'oxigen,  of  alTuming  ihe  farm  of  air.  Whence,  ther, 
comeilhc  inflammable  air  in  this  procefs,  which  To  nearly  re< 
fembles  thai  from  charcoal  and  water,  that  they  mutt  have 
the  fame  origin  ;  and  with  refpc^  to  this,  Mr.  LavoiOer  de* 
cides,  tJiat  whatever  is  inflammable  in  it  mull  come  from 
water. 

3.  Admitting  all  that  Mr.  Cruicktliank  alledge?  concerning  Tbe  inflmfltoJ 
the  difference  in  fpecific  gravity,  and  other  circumflances,  be-  Jll?"'  '^"^ 

•     r  r  '1  II  ^         dfWercBl  Iroai  * 

tween  the  air  from  (inery  cmder  and  charcoal,  and  that  from  thnobulnedH 
water  and  charcoal,  it  is  not  fo  greatas  ihe  difference  between  *''"""] '"^J 
Ihe  latter  and  the  lit;ht  inflammable  air  from  the  metals  with  oiidebutrMi 
acids  or  water.  Different  as  they  may  be  in  other  refpeAs,  bullible.  4 
Ibey  are  all  inflammable,  and  have  the  common  properly  of 
uniting  with  oxigen  in  a  certain  degree  of  heat;  in  confe- 
quence  of  which  they  are  the  reverfe  of  oxtda,  and  mull  be  •         ^ 

daffed  with  comliuJHbte  fubltances,  equally  with  fulphur  and  ^ 

phofphorus.  J 

4.  If  Ihe  oxigen,  after  quitting  the  finery  cinder,  entered  Thr  oiltm  Ai 
into  it  again,  it  would  make  it  finery  cinder  as  at  the  firll,  ?°'  timrntoa 

f  ,  finely  cinders  1 

or  at  leaff  in  lome  degree  ;  whereas  ihe  calx  it  complelely  re-  foi  the  iiaa  b ' 
vivcd  in  this  procefs,  the  iron  fo  :evivcd  being  as  folubie  in'?^''"*»''**"< 
acids  as  any  iron  whatever.  '       j 

b.  If  the  iron  Ihould  be  completely  rt^vived  bv  the  oklgen  ifoucinnot^ 
wbdly  leaving  it,  1  ftiU  maintain  that  it  could  not,  by  any^f™^^*'^ 
ijj  F2  dep«Bu'        ' 
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dedfire  thin      degree  of  heat  decompofe  fixed  air.     Fot  my  experiment  whh 

tfaacof  the  ao«   n  kurmt»  km,  in  which  it  could  not  be  done,  is  far  more  on* 

exceptionable  than  Mr.  Cruick (hank's  with  bladder*  and  a 

gun  barrel.     His  obje^ion  to  my  procefs  has  no  weight.     It 

was  made  with  a  few  ounce  meafares  of  the  air  over  toercmry, 

with  a  lent  fixteen  inches  in  diameter,  and  continued  feveral 

hoors,  generally  from  ten  o'clock  to  one ;  fo  that  no  particle 

of  the  air  Could  efcape  being  expofed  to  a  far  greater  degree 

of  heat  than  could  be  communicated  through  a  gnn  barrel. 

^    His  experiment  I  have  frequently  made  both  in  England  and 

liere«  but  could  never  be  fatisfied  with  the  refult.     The  fcale 

upon  the  iron,  I  have  no  doubt,  came  from  rooiflure  in  the 

air,  or  from  the  bladders.     Indeed,  I  cannot  think  that  any 

perfon  converfant  as  I  have  been  with  both  thefe  modes  of 

operating,  'can  hefitate  in  deciding  that  the  preference  mud 

be  given  to  mine. 

Charcoal  in-  6.  Mr.  Cruickihank  feems  to  think  that  charcoal  cannot 

^J^^^^^jy"  contain  any  oxigen  ;  but  Mr.  Tenant's  fine  experiment  deci- 

TenaDt*t  ezpc-  fively  proves  that  it  does.     For  where  are  we  to  look  for  the 

ninenti.  oxigen  (which  we  all  acknowledge  to  be  a  component  part  of 

fixed  air)  which  is  feparated  from  the  marble,  but  in  the  <;har- 

coal  which  is  produced,  and  in  that  it  makes  part  of  a  fulid 

fubilance,  and  does  not  take  the  form  of  air. 

If  oaigeaekii!ed     7.  Since  oxigen  and  all  combuflible  fubflances  unite,  and 

hwtjSxtotn-'  ®*P^^^»  '"  ^ certain  degree  of  heat,  the  oxigen  that  is  ex- 

duce  cba  phc-     polled  from  the  finery  cinder  uniting  with  carbon  from  the 

nomeaa of  com- ^],2|.^^  when  red  hot  muft  enable  it  to  bum;  and  Ihcreforc 

•aftioa  in  char* 

cmU*  in  thefe  circum (lances  there  ought  to  be  an  explofion,  or  at 

lead  a  gradual  combuilion  of  them  in  the  courfe^  of  the  pro- 
cefs, as  there  is  when  oxigen  is  put  to  the  fame  fubAance, 
andiieated  with  it  afterwards. 
lATitatioa  to  It  is  now  near  twenty  years  fince  this  new  theory  was  ad- 

Mr.  Cruick-      vanced,  and  from  that  time  to  theprefent  I  have  not  ceafed 
ihank  to  enter  /.  •   •         /•  '^     r  n  j   >•        •  r 

into  a  full  dif.    ^o  exprels  my  opinion  of  its  fallacy,  and  to  give  my  reatons 

cuffion  of  the    for  that  opinion  ;  but  I  have  not  till  very  lately  been  able  to 

aew  theory.       draw  any  degree  of  attention  to  the  fubjed.     Now,  however, 

I  am  happy  to  have  fuoceeded  in  this ;  and  as  I  find  that  the 

chemifts  in  France,  the  great  patrons  of  the  fyfiem,  look  to 

Mr.  Cruickihank  as  the  ableil  defender  of  it,  I  eameflly  wi(h 

that  he  would  undertake  the  difcuffion  of  every  article  of  my 

objedions  to  it.    What  he  has  animadverted  upon  is  only  one 

2  out 
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t>iit  of  dtvcn  articles  in  my  TroA  on  Phiogifton;  and  befidet 
i\A%,  he  fliould  coniider  wligt  I  have  advanced  on  the  fame 
fubjed  in  other  publications,  efpeciaily  my  experiments  on  the 
generation  of  air  from  water,  both  by  evaporation  and  by 
freezing,  and  thofe  on  the  pile  of  Volta,  and  a!fo  feveral  ar- 
ticles in  the  Tranfadions  of  the  Philofophical  Society  at  Phi* 
ladciphia. 

As  to  the  manner  in  which  a  controverfy  of  this  kind  it 
conducted,  whether  it  be  expreflive  of  rtjptci,  or  eontcmpi,  it 
will  have  little  weight  with  fi  judicioos  reader.  Preferring 
however  a  phiin  and  calm  difcaflion,  ' 

I  am. 

Dear  SIR, 
Your's  finccrely, 

J.  PRIESTLEY. 


II. 

The  ConftruSiion  of  an  Apparatus  for  conducing  Sound  and  hold' 

m 

ing  Converjhtions  at  a  Diflance,      Jn  a  Letter  from  Mr. 

EzEKIbL  WaLKEU. 

To  Mr.  NICHOLSON. 
SIR, 

CK)ME  of  the  moft  important  inventions  were  at  firft  madeSeTeralmylm. 
ufe  of,  either  as  playthings  for  children,  or  in  exhibitions  to  SlnTwert'^ ' 
amufe  the  populace.  firft  confideiW 

Printing,  which  has  contributed  more  to  the  improvement  **  5"?|°*' 
of  the  human  mind  than  any  other  art,  was  invented  for  amufe- 
ment,  and  the  in(lru£lion  of  children  *.  But  the  true  value 
of  an  invention  is  not  immediately  feen,  it  has  to  go  through  a 
long  feries  of  improvements,  before  it  arrives  at  a  degree  of 
perfe6lion  that  is  important  to  foctety. 

The  loadftone  was  long  known  to  jugglers,  and  afed  by  Effeftt  of  tht 
them  in  their  exhibitions,  before,  it  was  applied*  to  the  impor-  ^••^*®'*' 
tant  purpofe  of  navigation :  and  how  hi  the  improvements  in 

•  UiftMj  of  Holland  bj  Adrian  Yonng. 

pechas\\fi.%t 
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aechantoft^  oplics«  snd  tteoiiftioi»  wliidi  are  now  dshtbitteg 
for  mmufeRiefit,  maj  heremftcr  beodme  afefbl  a  theoooiiMm 
•fiunofmeo,  bamatteron  whichwearenot  •IprcfenttUe 
tojodge. 
FbaatBtes  Vy        Tlia  daggers  and  daath-lieadt  which  are  nade  to  appear  in 
lcon*behiiid  a'  ^^^»  by  meaos  of  a  concavo  mirror ;  and  the  ghoftt  and 
ftrees.  goblins,  that  are  conjured  ap  by  means  of  the  magic  lantern 

of  Phiiipfthal,  not  only  ferve  at  amufement,  bat  they  may  con- 
tribafee  to  check  the  growth  of  faperftitioB,  bj  flawing  in  an 
agreeable  manner  how  eafy  it  k  to  impofe  npon  the  fenfes. 
SMldsg  ma-        Another  way  of  deceiving  the  fenfes,  is  by  fpeaking  nuu 
""•  chines.     Thefe  are  of  very  ancient  date,  and  have  been  fo 

much  improved  by  the  modems,  as  to  attrad  much  attention. 
9^^  *2r^  ^®  longer  ago  than  the  reign' of  Charles  II.  one  Thomas  Irfon 
17th  ccatary.    ^9^1^  much  wonder  in  the  king  and  his  whole  court,  by  a 
machine  of  this  kind  *.     It  is  now  well  known  that  the  found 
was  conveyed  to  the  mouth  of  the  fiatue  by  means  of  tubes 
ail&lly  concealed  {  but  the  principie  on  which  the  fpeaking 
machines  are  now  conftmded,  appears  to  be  at  this  time  very 
little  underftood. 
Sound  condua-     jt  yiras  known  in  the  days  of  Pliny,  that  if  a  long  beam  of 
^oiiottg        'timber  received  a  (light  ilroke  at  one  end,  the  found  was  dif- 
tindly  heard  by  a  perfon  whofe  ear  was  applied  to  the  other 
end,  though  it  could  not  be  heard  at  the  iame  diflance  through 
the  air. 
Tbif  property         From  the  following  experiments  which  I  made  on  this  pro« 
Scal^Rippi-    ^'^y  ®^  ^<^*  **  appears  that  acouftic  inftruments  may  be 
ntM.  conftruded  for  converfing  at  a  diflance^  without  the  affifiance 

of  tubes  to  convey  the  found. 

EXPERIMENT     1. 

A  deal  rod  i€         J  took  a  deal  rod  16  feet  long,  and  about  an  inch  fquare, 

^*J[^«^^Jand  after  having  fixed  one  end  of  it  into  the  fmall  end  of  a 

snediufD  be-       fpeaking  trumpet,  I  laid  it  upon  two  fupporters  or  props  in 

tweentwo         ^j^  horixontal  poiition.     One  of  the  props  was  placed  under 

the  trumpet,  about  three  inches  from  its  wide  end,  and  the 

other  prop  was  placed  near  the  other  end  of  the  rod.    An* 

other  fpeaking  trumpet  was  then  laid  acrofs  the  rod,  about 

three  inches  from  the  end.    The  wide  end  of  this  trumpet 

•  Beckottim*s  Hiftoiy  of  Invtqtioas»  II|*^J4. 

relied 
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«ieA«d  apon  the  rod«  bat  Ibe  other  end  wai  fofpeaded  hf  m 
ffibbiUMi»  from  an  objed  which  need  not  be  deicribed. 

After  the  apperaUs  had  been  prepared  at  above  Bienti«ied»Soaii4  wit  cob. 
I  in^odiiced  ny  watch  into  the  end  trumpet,  and  on  applying  ^,^JJ|^J^^ 
mj  ear  U>  the  crofs  tnunpet^  I  heard  the  beats  much  louder  this  appurttni* 
than  if  the  watch  had  been  at  the  difiance  of  a  few  inches 
•nly.    The  found  appeared  to  come  out  of  the  croft  trumpet* 
although  the  watch  was  at  the.difiance  of  feventeen  feet  and 
a  half:  and  when  the  watcji  was  laid  into  the  crofs  trumpet, 
it  was  heard  equally  well  at  the  end  trumpet. 

It  may  not  be  improper  to  mention*  that  the  found  was  io- 
creafed  by  introducing  a  piece  of  metal,  between  the  crofs 
trumpet  and  the  rod  upon  which  it  refted ;  but  the  manner  of 
prodacing  the  bed  eiieft»  I  found  by  trial,  ' 


EXPERIMENT    2. 

I  placed  another  prop  under  the  middle  of  the  rod,  and  ]ai4  Bodies  lacoatsa 
feveral  books  upon  it  in  different  places ;  but  the  rod  con-^*  ^  "*At* 
veyed  the  found  jufl  as  well  as  before.  eStS. 

EXPERIMENT    S. 

My  affidant  in  (hefe  experiments  being  feated  at  the  end  Coavetftdse 
trumpet,  and  myfelf  at  the  other,  a  converlati6li  tbok  place  i^^jJjH^ 
through  this  apparatus  i  but  in  whifpeii  too  low  to  be  heard  the  rod  botk 
through  the  air  at  that  diftance.  The  conver(ation  afforded  ^3^'  ^  * 
OS  much  entertainment;  for  when  the  ear  was  placed  in  a 
certain  pofition,  the  words  were  heard  as  if  they  had  been 
ipoken  by  an  invifible  being  within  the  trumpet.  And  what 
rendered  the  deception  (till  more  pleafing,  the  words  were 
more  diftinQ,  fofler,  and  more  mufical,  than  if  they  had  been 
ipoken  through  the  air. 

SPEAKING  MACHINES. 

What  I  have  to  &y  on  this  fubjed,  muft  be  fo  &r  antict-  uiefol  pvno6e 
pated  by  thefe  experiments,  as  to  render  any  particular  de-  ^  ^.^  ^^ 
fcription  of  mine  unneoeflary.    It  may  not^  however,  beim-beaMM« 
proper  to  mention  my  conjeduresi  refpefiing  (one  ufeftil 
purpofes  to  which  this  aoouftic  inftrument  may  be  applied* 
If  aconmittntGatioD  founded  on  thele  principles,  were  made, 
between  a  (hop  and  the  dining  room,  or  wardioufe,  it  might 
contribute  to  Ike  dt^Mfedh  tf  InAicils :  end  inftninM»ts  made 
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on  the  fiune  principles  might,  perhaps^  be  fbund  coiiveiiieBt 
in  private  hoafes,  if  introduced  between  the  perioar  and  fome 
'  otbsr  room  appropriated  to  the  ufe  of  domeftict.  Direttons 
might  then  be  given  to  a  fervent  without  hit  entering  Ihe 
loorn^  and  in  whi^n  too  low  to  difioifo  the  company. 

I  am^ 

-SIR, 

your's  lefpeQfiiUy, 

EZEKiEL  Walker. 

If^  ^^»  Jon.  19,  1803. 

ERRATA. 

Vol.  IV.  p.  40.  ia  the  firft  cot  of  the  taUe,  yir  i,  a,  tf  4»  fm^  St  a»  3»4* 
P.  43.  fine  i»,  fir  kmg  rtad  hrge. 
P.  43*  fine  19,  ynr.  In  this  muiicry  f§§i  That* 

UI. 

Oi/hvaHoiu  in  Repfy  to  Mr.  Gough's  Lttter  on  the  Grape 
Harmonics*,     In  a  LctUr/rvmTBOUM  Young,  Af.  Z). 

jT,  R,  o,    SfC» 

To  Mr.  NICHOLSON. 
S  I  R, 

It  it  the  opSnion  JljLT  length  Mr.  Googh  has  accepted  my  invitation,  and  has 
^'^^^^^^  adverted  lo  the  phenomena  of  the  grave  harmonics.     Thefe 
monies  ate  not    founds,  he  thinks,  are  merely  mental  and  imaginary ;  I  fup- 
^refultsof      p^fe  them  real  and  material ;  Lagrange,  whom  I  have  already 
quoted,  is  of  the  fame  opinion  ;  and  while  I  have  the  autho- 
rity of  a  man  who  is  allowed  to  be  either  the  firfl  or  fecond 
phyfical  mathematician  in  Europe,  I  (liall  be  very  unwilling 
either  to  dilbelieve  my  ears,  or  to  confefs  that  Mr.  Gough  has 
convi6ted  me  of  error. 
Deipdopemeot        To  fliew  that  I  have  not  advanced  a  theory  fo  new  as  Mr. 
th^*  Sr^  ^^  Gough  has  deemed  it,  I  (hall  quote  a  pafTage  from  the  firft 
volume  of  the  Mifc«llanea  Taurinenfia.     "  We  have  feen,'* 
(ays  Lagrange,  '*  that  the  particle  of  air  which  is  found  in  a 

*  Philoiophical  Journal,  IV.  page  }• 

place 


ON  niB   GR^VE    HARMONrCS.  73 

place  where  two  (bunds  meet,  receives  an  agitation  different 
4irom  <bat  whieh  is  produced  by  each  foand ;  if  therefore  the 
founds  are  of-fuch  a  nature  that  their  vibrations  coincide  ai- 
rways after  a  certain  given  time,  the  continued  and  regular 
impreffioD  of  tbefe  compound  agitations  may  be  diftinguifhed 
from  the  iimple  agitations,  and  an  ear  fufficiently  exercifed 
.will  hear  a  third  founds  of  which  the  relation  to  the  others 
may  be  found  by  comparing  the 'number  of  feparate  vibrations 
that  each  of  them  completes  between  two  fucceffive  coinci- 
deiiees,''  p.  103.  *'  And  the  compound  agitation  may  be 
conveyed  to  the  ear  in  an  infinite  number  of  ^—  iitoations." 
p.  104.  "  We  have  already  fpoken  of  the  beats  of  Mr. 
Sauveur^  and  we  have  feen  that  they  correfpond  exadly  with 
(be  coincidences  of  the  vibratiuns ;  there  is  therefore  evtrj 
reafon  to  believe  that  they  are  formed  in  the  fame  manner  by 
the  meeting  of  two  founds.  And  if  is  probable  that  the  third 
ibnnd  of  Tartini  is  only  produced  by  a  feries  of  thefe  beats.'' 
P.  105. 

Were  the  conteft  to  be  decided  by  authority,  it  is  probable  If  the^gnvehar* 
that  your  readers  would  prefer  that  of  Lagrange  to  Mr.^"|j"^^^* 
Cough's  and  mine  united  :  but  we  have  no  occafion  for  any  pariiboj  anUunst 
thing  more  than  reafon  and  experiment.     If  the  mind  w^^^^M^^^M^WfeA 
capable  of  making  up  a  found  in  the  way  that  Mr.  Gougheach  oiher, 
fuppofed,  we  ought  to  hear,  whenever  the  impnifes  of  one^S^^  f|^ 
ibund  bife6t  either  accurately  or  very  nearly,  the  intervals  be-butif  theyidUIt 
tween  the  impulfes  of  another  found,  an  imaginary  note,  an  ^^^  cmlffccaw 
octave  above  the  feparate  founds :  if,  on  the  contrary,  my  Uie^foimds'miift 
opinion  is  true,  we  mud  conclude  that  the  retrograde  motions  l>ere  deftroy 
of  the  one  will  counterad  the  dired  motions  of  the  other,  and**^  ^^^^ 
that  both  the  founds  will  be  dedroyed. 

Happily  the  point  thus  at  iflue  may  be  determined  by  a  Expcriqoent  t» 
very  fimple  experiment :  we  have  two  founds  (landing  in  this  ^^  *!*"  ^ 
relation,  in  the  intervals  between  the  beats  of  two  mufical  taint  iu  lutuie* 
chords  tuned  very  nearly  in  unifon.     And  if  we  liilcn  to  a 
grave  found  which  beats  very  (lowly,  while  it  is  dying  away, 
we  (hall  obferve,  that  in  the  interval  of  the  lad  and  fainteft 
beats,  when  the  found  is  lead  mixed  by  refledions  and  irre- 
gular propagations,  the  note,  indead  of  ridng  to  the  odtave, 
is  wholly  lod. 

I  confcfs  with  pleafure,  that  Mr.  Gough's  explanation  ofThepercttdoa 
the  referoblance  which  I  have  pointed  out  between  the  per-  ^^^^  ^,^ 

Ceptionfockbft&a^Vtft- 
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twMB  the  teeth  ooptiofi  of  a  grave  harmonic^  and  the  fienialioo  oTa  ringiiig  m 
fi^^b^U^  the  ean^  is  ingenkms  and  probable ;.  and  I  can  mention  a  fia^ 
aMther  found  gular  experiment  in  confirmation  of  hit  opinion.  If  a  tamnff 
^Lted^^'^'  fiuntlj  vibrating,  be  held  between  the  teefh,  and  a  famd 
throv^  the  air  i  nearly  approaching  to  the  fiune  note  be  tranfmiftled  flnno|^ 
the  air,  the  beating  will  be  nearly  at  diflind  as  if  both  ibnndt 
«^ce  it  is  in- arrived  through  the  iame  mediam.  Ffom  this  drcamflance, 
mete  direaion  I^owever,  I  only  infer  that  all  foonds  eirter  the  ultimate  oq;an 
of  an  founds  it  of  hearing  nearly  enough  in  the  iame  dinAion  t*  prodace  an 
nearly  the  fame,  jte^nate  intenfion  and  remiffion. 

'^^'^lu^'      ^  allow  that  fucli  a  found  diflfers  from  primitive  (bands  in  its 

AempriinitiYe    vvMitof  appropriate  diredion,  and  in  its  mode  of  propega^ 

found*  I  tioo.    The  daily  tide  at  Batflia  in  Tanqum  neither  comes  from 

^  thlJl'e^  the  eafi  nor  from  the  weil,  but  it  is  as  much  a  xeal  tide  as  the 

poond  tides,  ftc.  giave  harmonics  are  real  founds*    If  any  pecfea  (hoold-infiA 

that  the  phteomenon  is  not  a  tide,  but  an  altemale  ^evation 

and  depreffion  of  the  water  only,  and  that  it  exifts  only  In  the 

feniations  of  the  obfervers,  and  not  in  the  fea,  I  fhouid  be 

very  little  difpofed  to  enter  into  arguments  with  him  on  the 

fal^a. 

|J^^"|*rfcs endie     With  refped  to  the  commanication  of  my  remarks  to  thA 

f^\L^}A^Mi  Maochefter  Society,  I  beg  leave  to  reply,  that  if  I  thought  n 

papers.  PUIof.  paper  of  permanent  importance  to  theextenfion  of  fcienoe«  i 

vindail£niin.  ^^^  confider  myfelf  as  bound  by  my  duty  to  the  Royal  So* 

Jottmalt.  ciety  and  to  po(lerity»  to  offer  it  for  infertion  in  the  Philofo^ 

phical  TranfiiAions ;  but  if  it  were  of  a  mere  fuper£cial  and 

temporary  nature,  I  (hould  think  it  fufficieot  to  publilh  it  in  a 

refpedable  literary  Journal.    I  do  not  mean  any  difrefpeft  to 

provincial  focieties«  but  many  papers  have  appeared  in  the 

volumes  of  the  Manchefter  Memoirs^  which  would  perhaps 

have  been  more  fuitably  placed  in  thofe  of  the  HiilofophicAl 

Tran£i6lion3. 

Your  dbedient, 

humble  fervant, 

THOMAS  YOUNG. 
^an,  to,  1803. 
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IV. 

Experiments  and  Ohfervaiiom  on  the  Power  qfFhtidM  to  conduSt 
Heat ;  with  Rrference  to  Count  Rwnfdr^e  Seventh  ^JJay  on  ike 
fime  SuhjeSt.    i[^  John  Dalton, 

{Conel^ded  from  Page  5S.) 

V^OUNT  RnrnfonPi  principal  experimehts  are  thofe   iii  short  leciplts* 

which  a  cake  of  ice  was  confined  on  the  bottom  of  a  cylin- ^'^^o^  po"«' 

drical  glafs  jar,  of  4.7  inches  in  diameter^  and  14  high,  andperimenc  ofke 

Water  poured  upon  it  of  diflerent  temperatures  fuSering  it  to*'  ^>»^^^ 

Aand,  without  agitation.     He  found  that  about  6lb  of  boiling  ^ 

hot  water  melted  little  more  ice  than  as  much  water  of  41^; 

and  that  by  making  fuch  allowances  as  the  experiments  Teemed 

to  warrant  for  deduAions  when  hot  water  was  ufed,  water  of 

41^,  or  9^  above  the  freezing  point,  melted  quite  as  much, 

and  often  more,  than  the  hot  water :  From  which  he  infers, 

that  wafer,  and  by  analogy  all  other  fluids,  do  not  tranfmtt 

heat  in  the  manner  that  folids  6o,  but  circulate  it  folely  by  the 

internal  motion  of  their  particles. 

The  exiftence  of  this  internal  motion  he  has  proved  de-ThBimcnttl 
cidedly ;  that  water  of  a  certain  temperature  being  of  the  great^f^j^  •  *•■• 
eftdenfity,  will  always  take  the  Ara^  place,  and  water  either 
warmer  or  colder  than  that  degree  will  afcend.  This  degree 
of  grealeft  condenfation  he  takes  on  the  authority  of  others  at 
40^  ;  it  appears  however  from  the  experiment  related  above« 
to  be  dill  more  favourable  to  his  portion,  namely  42^^ :  and 
that  water  of  ST?  muft  afcend  till  it  comes  to  water  of  53^^  if 
it  be  not  cooled  in  its  progreft,  which  circumfhtace  he  admits. 

Upon  confidering  the  &fis  related  in  his  experiments  fhrrr  Tmiilwaioo  af 
fore,  there  are  three  caufes  which  fuggefi  themfelves  as  con-*^  ^"^  • 
fpiring  to  circulate  and  difiilfe  the  heat,  by  which  the  ice  is 
melted. 

Ifl.  The  internal  motion  of  the  liquid,  by  which  water  of  i«  CoUwuerit 
32*,  incumbent  upon  the  ice,  is  perpetually  afcendiog  into  a  J^/J^  53* 
warmer  region  of  53*,  and  warmer  water  of  42j^*  defcendingtnd  wanner  of 
to  take  its  place.  4»4*  dclceiuU. 

2d.  The  proper  conducting  power  of  the  liquid  indepcn-s.  Tbefloidlc- 
dent  of  internal  motion.  ?*^y  *•*•' 

3d.  The 
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3.  The  glaTs  it-  3d.  The  condudling  power  of  the  glafsjar.  But  as  glafs  is 
?*a^^  ^bl  ^"^^"  to  be  a  very  bad  condufior  of  heat,  it  can  produce  no 
little'  material  efie6t  in  tliefe  experiments  :  for  which  reafon  Count 

Rum  ford  does  not  appreciate  the  third  caufe. 

Coant  Ramford     With  refpedl  to  the  operation  of  the  firft  caufe^  it  will  g«- 

dSa'coM^S^'d  ^^^^y  ^  fuppofed  that  cold  water  riling  into  warmer  and  rc- 

r£ig  into  a       maining  with  it^  the  heat  is  impaired,  and  the  two  reduced  to 

wviQcr  can  cool  n  common  temperature.     But  Count  Rumford  does  not  admit 

of  this  communication ;  he  maintains,  that  the  two  ftill  retain 

their  proper  (hare  of  heat,  notwithflanding  they  are  mixed 

together.     This  hy  pothefis  of  his  is  of  no  peculiar  confequence 

as  far  as  refpedts  the  efiedl  of  the  internal  motion :  for  the  tem« 

perature  indicated  by  a  thermometer  immerfed  in  an  equal 

mixture  of  water  at  32®  and  53^,  would  be  the  fame  as  if  the 

water  was  uniformly  of  the  temperature  42^^.     But  it  has 

wheace  it  wooM  material  confequenccs  in  other  refpeds ;  for,  if  it  be  admitted« 

follow  that  beat  it  annihilates  ^efecond  caufe  abovementioned,  and  it  would 

^wn.  *  follow  that  warm  water  being  put  upon  cold  water  above  the 


wards  throw      temperature  of  42^®,  the  heat  could  not  in  any  degree  be  pro- 
^10^^  pagated  downwards,  unlefs  by  agitation,  and  even  then,  upon 

fubfiding,  the  warm  part  ought  to  rife  to  the  top«  and  the 

cold  fall  to  the  bottom. 
He  has  not  Thefe  portions  arc  fo  manifeflly  contradidory  to  common 

^[JV^j^J^^    opinion,  that  they  cannot  be  received  without  proof.     But 

Count  Rumford  has  not  given  us  a  Angle  experiment  to  prove 

them.     It  feemed  necelTary  therefore,  to  clear  up  this  point  by 

direck  experiments. 

Experiment  1. 

Examination  by  Took  a  large  tumbler  glafs,  3f  inches  diameter,  and  five 
Jj^r^'JJ°^  inches  deep,  and  filled  it  half  way  with  water  of  51^  then 
upon  cold  air  in  gently  filled  up  the  reft  by  means  of  a  fmall  fyphon,  with  wa- 
•gWfTeffcl,thcj^j,  of  88^  ;  a  thermometer,  with  its  bulb  and  ftem  detached 
doaliy  cooled,  f''Om  the  frame,  being  previoufly  immerfed  to  the  bottom* 
4nd  the  lower  The  temperatures  at  the  top  and  middle  were  had  by  gently 
immerfing  the  bulb  of  another  thermometer  Into  the  water. 


Time 
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Time  TEMPERATURE 

elapfed.                 at  top.          in  the  middk,  at  bottom. 

*  88?                 51^ 

85                    54 

83                    75^  56 

80                   72+  58                            .> 

76                   60 

73                   —  61               ' 

70                   — —  61 

69                  .    61 

(Air  in  the  room  50<'.) 

Experiment  2. 

The  fame  as  before ;  only  a  circular  piece  of  wood  floated  Exp.  j.    The 

upon  the  farface  of  the  water,  on  the  centre  of  which  the^*"*'!?'^^  ""^ 

precaution* 

flream  of  the  fyphon  was  directed  to  prevent  the  current 
downwards. 

(Air  in  the  room  55*^.) 

TEMPERATURE, 
Time,  at  top,  at  bottom. 


«#^t\/i«^  vit^r   rvc»k«;t   vraa   mv 

UI^M    VII     •     •     • 

116*^ 

•  ••••••  %j\f 

56  + 

10  min. 

105 

56| 

20 

92 

57  — 

30 

85 

57|     - 

40 

80 

57i 

50 

77 

58  + 

Ih.  — 

75 

58{ 

—  10 

72{ 

58i 

—  20 

70 

59  — 

—  30 

67 

58J         ' 

—  40 

65 

58  + 

—  50 

63 

58 

2        — 

62 

58  — 

—   15 

61 

57f 

—  30 

59i 

57 

S        — 

571 

56  (Air520) 

5        — 

53| 

53       Do. 

A  iimilar  refult  was 

obtained  In 

a  difierent  way  by  the 

following. 

ExperiiAera 
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Exocriment  5. 

E&p.  3.   The       Took  SB  ale  glafs  of  a  conical  figure^  2{  indies  in  iHiaii  ff  i' 

mlt^b^efbf  and  S  inches  deep;  filled  it  with  water  that  had  been  fiandiag 

jedhocifoii)     in  the  room,  and  confequently  of  the  temperature  of  die  air 

^^^^^y^_  nearly--Pttt  the  balb  of  a  theimometer  to  the  bottom  of  the 

ter,  glafs#  the  fcale  being  out  of  the  water :  Then,  having  marked 

the  temperatare,  I  put  the  red  hot  tip  of  a  poker,  half  an 

inch  deep  into  the  water;  holding  it  there  (leadily  about  half 

a  minute ;  and  as  foon  as  it  was  withdrawn,  I  dipt  the  bulb  of 

a  fenGbie  thermometer  into  the  water  about  ^  inch,  when  it 

rofe  in  a  few  feconds  to  180*. 

TEMPERATURE 

Time*                at  top.                middie.  hoUom. 

Before  the  poker  was  immerfed ••••••  47* 

—                    180*                     —  47 

5min.              100                       60«  47| 

20                        70                       60  49 

1  h.  —                       5S                      —  52 

Thefe  experiments  all  evidently  agree  in  proving  water  to 
have  a  proper  conducing  power,  independent  of  any  internal 
motion.  It  furely  will  not  be  faid  that  any  flight  motion  una- 
voidably made  at  the  beginning  of  an  experiment,  could  con- 
tinue with  a  powerful  effed  for  upwards  of  an  hour.  How- 
ever, to  determine  this  matter,  I  made  the  two  following 
experiments. 

Experiment  4. 

£xp.  4*  Co-  Took  the  glafs  tumbler  of  the  firA  experiment,  and  filled  it 
}^^  witCTwii  jjjjf  ^^^y  ^\i^  rain  water,  deeply  tinged  with  arcliil ;  then  filled 
colonrldb  witer  i^  ^P  ^i^  ^^^  warm  water,  as  related  in  the  2d  experiment, 
rdtiof  upon  it.  The  upper  lialf  was  but  juft  perceptibly  tinged  by  the  procefs 
^  °"'*  and  uniformly  fo  ;  it  remain^  for  an  hour  not  vifibly  altered 
in  this  refpe^,  though  by  frequently  putting  the  bulb  of  a 
thermometer  down  to  the  middle,  the  colour  at  laft  rofe  in  a 
(mall  degree. 


tttrr. 


(Air 
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(Air  45**) 

TEMPERATURE 

at  top. 

mddU. 

bottom. 

Before  the  warm  water  was  ponred  on  ...  . 

449 

Tme 

105? 

— - 

— 

7  min. 

97 

— 

47  + 

17 

86 

— 

48 

37 

79 

— 

49+ 

37 

75 

68 

50 

47 

70 

66 

50+ 

57 

66 

62 

51| 

lh.7 

60 

62 

51t 

—  17 

60+ 

59 

5li 

—  27 

59 

— 

51f 

Experiment  5. 

A  glafs  tube  near  an  inch  in  diameter^  and  16  inches  long,  Wafmcoloarad 
was  half  Ailed  with  a  coloured  fdatioii  of  commoo  &lt  in  wa-^  ^^IJ^Si^ 
ler,.  warm ;  a  fmall  thermometer  was  wholly  immerfed  in  it^  coU  Mi  wittr 
afid  cold  dear  water  carefully  poured  upon  the  whole  fo  »  jSy^jf 
to  fill  the  tube ;  the  colour  afcended  very  littk,  and  continued  tsrc. 
invariable  after  the  prooefs  of  filling.    The  warm  fblution  was 
of  courle  made  of  greater  fpecific  gravity  than  the  cold  water. 


(Air  45«) 

TEMPERATURE 

• 

at  top. 

bottom. 

Time, 

45* 

85« 

5  min. 

53 

79 

10 

53 

74 

21 

52 

69 

31 

51 

66 

45 

50f 

64 

58 

50 

61 

Ih.  31 

49 

56} 

3      30 

47 

51 

—    55 

47 

50 

4       15 

— 

49 

7       5 

46 

48 

T© 
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To  determine  whether  hot  sdcI  cold  water  being  fuddenlj 
mixed,  and  agitated^  the  hot  would  aflerwards  rife  to  the  top> 
was  the  objed  of 

*  - 

Experiment  6.  *1 

Esp.  6.  Hot  Air  in  the  room  30®. — About  i  pint  of  water  of  130*  wat 
being  mixed,  did  P^^^^  ^^^  ^  <^old  tumbler  glafs,  and  immediately  after  as 
not  afterwards  much  water  of  50®;  the  mixture  wa<t  agitated  for  half'tl  mi« 
^parate.  nutebya  deal  rod;  after  which  an  immerfed  thermoneter 

flood  at  85®,  both  at  top  and  bottom  ;  it  was  then  fet  by'in  a 

(lill-plaoe  for  examination. 


TEMPERATURE 

Time. 

at  top. 

bottomm 

15  min. 

77i® 

77» 

30 

73 

72$ 

45 

68 

67$ 

h:  — 

64.8 

64.6 

From  tQ  which  From  all  thefe  experiments  it  is  e^ent^  that  water  has  % 
dS"to  be^pro-P*^^*'  conducing  power :  In  the  lad  experiment,  if  thepai% 
per  coodaAor*  tides  of  water  during  the  agitation  had  not  adtually  commas* 
nicated  their  heat,  the  hot  ones  ought  to  have  rifen  to  the 
top,  and  the  cold  ones  fubiided  fo  as  to  have  made  a  material 
difference  in  the  temperature.  It  is,  however,  equaUy  evi. 
dent,  that  water  is  a  bad  conductor  of  heat,  probably  as  it  is 
of  ele6lricity ;  the  defcentofthe  heat  in  the  fecond  experi« 
ment  is  wonderfully  flow ;  a  flight  agitation  for  one /econd 
would  do  as  much  to  induce  the  equilibrium  as  {landing  dill 
one  hour.  In  repeating  the  third  experiment,  in  a  wine  glafs, 
I  have  feveral  times  known  water  f  an  inch  deeper  to  differ 
50*  in  temperature  from  the  incumbent  water. 

We  muft  conclude,  therefore,  that  the  quick  circulation  of 
heat  in  water  over  a  Are,  &c.  is  owing  principaUy  to  the  in- 
ternal motion  excited  by  an  alteration  of  fpecific  gravity ;  but 
not  folely  to  that  caufe  as  Count  Rum  ford  has  inferred. 

If  it  be  proved  that  water  condu6b  heat,  it  will*  fcarcely 

be  neceffary  to  prove,  that  other  fluids  conduct  it^  and  that 

they  communicate  it  one  to  another : — ^The  two  following 

•  experiments  fliew  that  mercury  condu6ls  it,  and  th^t  water 

cud  mercury  reciprocally  communicate  it. 

Experiment 
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Experiment  7. 

Took  a  cylindrical  glafs  tabe,  of  1  inch  internal  diameter^  Exp.  7.   Hot 
and  pnt  U  inches  in  depth  of  mercury  into  it,  and  immerred  "^^^  "^^ 
the  bulb  and  Hem  of  a  thermometer  to  the  bottom,  the  fcale  heated  it.  ' 
as  ofual  being  above  the  liquid ;  then  pnt  Q\  inches  of  warm 
water  upon  it  by  a  iyphon,  and  let  it  (land  without  agitation. 

TEMPERATURE.       TEMPERATURE. 


Merc. 

JVater. 

T^me. 

Merc. 

Water. 

Time. 

56"* 

122 

14m. 

74f*- 

92*- 

3  m. 

70 

118 

19 

73 

87 

6 

73 

110 

27 

71 

78 

11 

75 

100 

Experiment  8. 

Into  a  tumbler  glafs,  2|  indies  in  diameter,  poured  an  inch  Exp.  S«  Cold 
in  depth  of  mercury,  and  heated  it  to  1 10^ ;  upon  which  was]^' "P^Jf 
poured  an  mch  of  water  at  50^,  and  then  kept  fiill.  heated. 

TEMPERATURE. 
Merc,  Water* 

Time.  110*  50« 

4  min.  74  .      70 

8  71  70f 

10  '^Ol  .  '^0 

,  Finding  that  water  was  fo  bad  a  condu6tor  of  heat,  I  was 
defirous  to  learn  how  ice  would  condud  it,  and  tried  it  as 
follows. 

Experiment  9. 

Feb.  9th.     Out  of  a  mafs  of  ice,  by  means  of  aliot  iron,  I  '"'.J?"?^ 
fiiaped  a  cylindrical  piece,  3  inches  in  diameter,  and  5|  inches^^^lQ^  ^^^ 
long,  clean  and  pure;  its  weight  17-  ounces.     Made  a  (mallture,  conduded 
round  hole  at  one  end,  one  inch  deep,  and  the  fize  of  a  ^^^^'muchworlk' 
mometer  bulb,  which  was  indofed  in  it.     The  other  end  of  than  water. 
the  piece  was  put  into  a  bafon  of  foipw  and  fait,  to  the  depth 
of  from  f  to  1|  inches,  the  temperature  of  whidi  was  kept 
below  10*  for  1^  hours.     Air  37^. 

Therm,  in  the  Therm,  in  th« 

Time  elapfed.  liquid.  ice. 

5^  32^ 

1|  h.  at  a  medium  7  31|     . 

Vol.  IV.^Fbbrv AKY.  G  ^-^^ 


Therm,  in  the 

R. 

M. 

*    liquid. 

1 

50* 

14<> 

2 

20 

19 

2 

50 

22 
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N.  B.  This  defcent  of  half  a  degree  was  gradual,  but  did 
not  commence  till  long  after  the  beginning  of  the  experiment. 
After  Ibis  the  piece  of  ice  was  inclined  to  one  fide,  by  wbich 
nearly  one  half  of  it  was  immprfed  in  the  cooling  liquid,  and 
,the  inclofed  bulb  of  the  thermometernwas  now  not  more  Uhui 
an  inch  from  the  cold  mixture. 

Therm,  in  the 
ice* 
28^ 
23 
Ice  along  with  the 
therm,  flipped  down 
into  the  cold  liquid. 

The  ice  now  weighed  1 2|  ounces :  the  reft  had  been  liqui* 
tied  by  the  operation  of  the  faline  liquor. 

This  experiment,  I  think,  decidedly  proves  that  ice  is  a 

worfe  condudor  of  heat  than  water :  indeed  this  is  not  won- 

derful ;  for  it  is  faid,  that  ice  at  a  low  temperature  becomes 

an  ele^ric. 

Mixture  IS  math    .  It  is  certainly  a  remarkable  circumftance,  but  not  at  all  in- 

moreelFeaual    confident  with  the  known  laws  of  heat,  that  in  a  mixture  of 
for  CQualizing 

temperature,      hot  and  cold  liquids,  the  uniform  temperature  (hould  be  fo 

becaufe hot  aad   f^Qjj  induced  by  agitation  and  fo  flowly  by  reft  :  but  when  we 

are  brought  to-   conftdcr,  that  in  the  former  cafe,  hot  and  cold  particles  are 

gcthcr.  brought  together,  and  that  in  the  latter  tliere  is  a  feries  of 

particles  one  upon  another,  gradually  rifing  in  temperature, 

but  diftering  by  infenfible  degrees,  wc  ftiall  not  wonder  at 

The  gradual  dif-  ^|,g  fadls.     When  any  one  particle  of  water,  or  any  other  bo- 

pcraturt  rendets  ^y*  has  One  above  it,  warmer  by  an  infonfiblc  degree,  and 

water  a  bud        another  below  it,  colder  by  aninfenfible  degree,  its  power  to 

tranfmit  heat  muft  be  very  fmallf.     Thefe  confiderations 

gave  rife  to  the  two  following  experiments. 

Experiment  10. 
Exp.  10.    An        A  mercurial  thermometer  was  taken,  its  bulb  ^  inch  in 
rial  tficnr^mcter  ^^^^'^eter*  and  hanging  clear  of  the  fcale  :  it  was  heated  by 
ezpofed  to  air,    the  ftame  of  a  candle  to  600^,  and  then  laid  upon  a  table  with 

gave  out  mod 

?h^  h7gh?ft?cm.     *  ^^*^  *^^  beginning  of  the  experiment, 
peraturea.  t  Will  not  this  argument  apply  to  folids  univerfally  ?  contrary 

to  faa.     N« 

the 
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the  bulb  projedting  over  the  edge^  and  was  thus  left  to  cool 
by  the  mere  operation  of  the  air  in  the  room,  which  was  52^. 
The  following  is  the  medium  refult  of  two  experimedtSj 
which,  however,  agreed  with  each  other  almoft  in  ever/ 
obfervation. 


43 


Tifne, 
0 
I  half  m. 

Temp. 
600** 
450 

2 

350 

3 

280 

4 

229 

5 

195 

6 

168 

7 

145 

8 

128 

9 

115 

10 

104 

U 

95 

12 

88 

13 

81 

14 

77 

15 

73 

16 
17 

69+ 
68 

Time, 
18  half  m. 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
52 
33 
Air  in  the 


room 


Temp. 
66"^ 
64 
62 
60 
59 
58 
57 
56 
55 
54 
53+ 
53 
53 
5S 
52+ 
52 
52 


ExperimerU  11. 

Another  thermometer,  having  a  fimihir  bulb,  but  a  fcal6 
with  much  larger  degrees,  was  heated  and  cooled  in  the  iiime 


manner. 

• 

■ 

Time. 

^^- 

Time. 

Temp. 

—- 

16 

56.3« 

1  halfm. 

79t 

17 

56| 

2 

75 

18 

56 

3 

71  + 

19 

65.9 

4 

68^ 
6€i 
64| 

20 

55.7+ 

5 

21 

5^.6+ 

6 

22 

55.5 

7 

63 

23 

65.4 

8 

61 1 

24 

65.3 

9 

60 

25 

65.25 

10 

69 

26 

55.2— 

11 

58^ 

27 

65.1+ 

12 

58 

28 

55.1— 

13 

57| 

29 

55.+ 

14 

57 

30 

66 

15 

56.6 

■ 

G8 
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In  thefe  experiments  we  may  confider  mercuiy  aud  tat 

ibiMd  together  of  unequal  temperatures,  wH}i  a  thfn  partitioii 

df  glafs — and  from  the  lail  we  may  conclude^  that  the  thermo* 

meter  imparted  to  the  air  40  times  more  heat  in  haH'amifmte/ 

when  its  temperature  was  30^  above  the  air^  than  when  it 

was  only  1  ^  above  it. 

Argument  fifom       We  fliall  now  advert  a  little  to  Count  Rumford's  experi- 

expcrimenti.*^'^  ments.     It  will  eafily  appear,  (iiat  arguing  fairly  upon  his  own 

No  water  bat     hypothecs  he  can  never  accouiit  for  the  phenomena  obferved : 

^\ddT  nd     ^^^'  ^^'  water  being  poured  upon   ice,  an  internal  motion 

to  the  ice,  and    would  take  place  near  the  furface  of  tiie  ice,  by  which  a  flra- 

•*Y***'**'Jj'lf^  *^"  of  water  of  a  certain  thicknefs  would  be  reduced  to  S2^, 

cooled,  and  the   and  then  all  further  redwdioh  of  the  ice  mud  ceafe ;  becaufe 

fttfion  of  the  ice  all  the  fuperincumbent  water  being  above  53®  would  be  lighter 

ceafe.— -Con-      ^^^  could  not  defcend  to  the  ice.     But  this  is  quite  contrary 

trarytofaa.       to  what  took  place.     The  filds,  however,  will  admit  of  a 

fatisfadory  explanation  upon  eftablilbed  principles. 
Explanation  By  experiments  10  and  1 1,  it  appears,  that  tlie  quantity  of 

fSa.  The  ice  ^^**  given  out  by  a  body,  during  arty  fmall  given  portion  of 
it  fnted  (i)  by  time,  is  nearly  as  the  excefs  of  the  temperature  of  the  body 
oi^ropercon-  a[,ove  the  cooling  medium.  Hence,  then,  we  may  conclode, 
of  the  water;  that  the  eflfe^  of  hot  water  upon  Ice  arliing  from  the  proper 
and  (2)  by  lu     conducing  power  of  water,  will  be  nearly  as  the  heat  of  the 

niotjon.     The  „_;         /*.«,,  r  j         ••        .n  i 

firft  iias  the  Water.  What  eitect  the  other  cauie  may  produce,  iL  will  be 
heat,  and  the  difficult  to  determine  from  theory :  experience  will  be  the 
nifbes  in  fome  ^^^  guide.  One  thing,  however,  appears  pretty  certain, 
unknown  ratio  thftt  its  efTedt  muft  be  a  maximum,  when  the  temperature  of 
differs  frwT'*  *^*  water  at  large  is  42f  ** ;  becaufe  then  there  can  never  want 
4»^.<>  a  determination  of  the  particles  downtvard  to  fupply  the  place 

of  the  lighter  water  of  32*^  afcending.     If  the  temperature  of 
the  water  exceed  42j®,  then  the  effe^l  of  the  internal  motion 
Water  at  42}^    WiU  be  lefs,  diminifliing  by  fome  unknown  ratio.     As  fkr  as  I 
W?^  b*  •Jr    ^^"  J^g®  ^^^^  Count  R's  experiments,  the  joint  effeds  of 
motion)  nearly    thofe  two  caufes  Qiould  be  nearly  the  fame  with  water  of  4-2^ 

the  iame  as  wa-  ^nd  water  of  190<^.  Taking  this,  therefore,  for  granted,  we 
ter  at  loo*  %  '  o         "^^ 

(chiefly  by  its     ^^^^  ^  enabled  to  (ketch  a  table  of  the  values  of  thefe  two 

^*««^)  caufes  for  every  1 0^  of  temperature.     The  numbers  exprefling 

the  effedt  of  the  proper  conducing  power,  are  derived  from 

the  lOih  experiment,  and  confequently  are  not  purely  hypo- 

tJietioal:  thofe  expreiiiog  the  other  effed,  except  42^  and 

192^.,  are  put  down  hypothetically^  becaufe  the  law  of  de. 

creaie  has  not  been  alcettsoiied* 

4  \^ 
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It  is  to  be  fuppofed,  that  a  given  quantity  of  water,  of  the  The  refulti 
(everal  temperatures  [mentioned,  is  carefully  poured  upon  a  Ji?^**'  ^/*^ 
cake  of  ice  at  the  bottom  of  a  cylindrical  glafs  jar,  and  (lands  pentuict. 
without  agitation  for  ^  given  time,  as  half  an  hour;  then  the' 
proportionate  quantity  of  ice  fuppoied  to  be  melted  by  the 
two  caufes  feparately  are  dated  in  numbers,   and  then  the 
fums  are  taken  to  exprefs  the  joint  e&6ls. 


Temperature 
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After  what  has  been  faid,  I  need  not  caution  my  readers  9*^^][J?^**"*  ^ 
not  to  confider.this  table  as  accurate.  The  principle  of  it, 
however,  cannot  I  conceive  be  difproved  :  that  the  operation 
of  the  condu6ting  power  mud  be  proportionate  to  a  feries  of 
numbers  beginning  from  0  at  32^,  and  gradually  increaiing  in 
fome  ratio  with  the  temperature  above  S2^,  cannot,  I  think, 
be  controverted  ;  and  that  the  operation  of  the  internal  mo« 
tion  mud  begin  from  0  at  ^2^,  and  increafe  till  it  arrives  at 
its  man'ffitiJM  at  42|^,  and  then  deCreafe  again  ever  afler,  is 
Yilfo,  I  apprehend,  unqueftionable :  thus,  when  the  jar  had 
water  of  42^,  in  Count  K's  experiments,  this  internal  motion 
rouft  have  had  a  range  of  S  inches  in  depth  ;  whereas,  when 
hot  water  alone  was  ufed,  it  had  not  more  than  ^  of  an  inch 
to  range  from  the  temperature  of  32  to  that  of  53^. 

The  following  table  exhibits  a  coocife  view  of  all  tlie  mate-  T^t  of  the  i 
rial  varieties  of  Count  RoiAford's  experiments,  with  their  re-n^^s^f  the 
fults  Counfiexpe 
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Couiil  Rumford  attempts  la   explain  why  there  was  lefi  Rcmaikt. 
ice  melted  in  Tuch  expurimcnls  as  llic  4^lh  tiian  in  tiiore  lik« 
the  S9th,  and  allributes  the  diminulion  of  the  eSea.  to  llie  de. 
fcending  carrents  occationed  by  the  cold  mixture  rurrounding 
the  warm  otic,  which  he  ihinki  would  obflruf)  llie  oppofile 
ones  afcendiiig  (torn  the  ice.     But  the  eflefi  in  the  51(1.  com- 
pared with  the  5:(d,  being  jnft  oppoiite,  he  paflei  over  witlioul 
explanationv— 1  have  no  doubt  myfeif,  but  that  the  true  caurc-  The  diSenncet 
of  the  differences  in  both  cafes,  is  to  be  tbund  in  the  colamn  I'd""  '*" 
exprefSng  the  mean  temperature  of  tlie  water,  and  not  in  thai  lure  of  die 
exprelllng  its  litualion,  which  I  conlider  a»  having  nothing  to  *""■ 
do  in  the  bufinefs,  but  as  it  affefts  the  general  temperature. 
The  maiimvin  eftl-fl  with  cold  water  will  be  when  it  is  ol  the 
temperature  of  about  43"  or  50',  and  the  minimum  above  it 
probably  about  1uO°  or  120*' ;  and  in  proportion  a>  the  mean 
temperatures,  in  any  experiment,   deviate  from  ihufu  poinis, 
the  effefls  vary  accoj;diiigly,  let  oilier  circumftances  be  what 
they  may. 

Thus  I  have  attempted  to  explain  the  rationale  of  ihefe  very  Conclufion. 
curious  and  iiiterening  experiments,  in  a  manner  dillerent  to 
what  their  ingenious  author  has  done.     And  inufl  now  leave 
it  to  the  reader  to  ibrm  iiis  opinion. 


J  Method  qf  examining  D^ra&'ive  and  di/per/ive  Poxveri,  by  prij- 
Kotic Refieaioa.  Bj,  William  Hvd'k  Wollastow,  M.D. 
F.  R.  S.  • 

XN  examining  the  power  with  which  various  fubflanees  re- "ew method  of 
fraa  and  difperfe  light,  I  have  for  fome  lime  paft  employed  a  "^'^^^^^ 
method  unnoticed  by  writers  on  optical  fubjefl^;  and,  as  it  is  difpcrliiii  pmnn 
not  only  convenient  in  common  cafes  of  refraflion,  but  alfo  ?-^^"''  "^ 
capable  of  affording  refulls  not  attainable  by  other  means,  1 
have  been  induced  to  draw  up  a  (hort  account  of  the  method 
itfelf,  and  of  tlie  motl  remarkable  inflances  of  its  application. 

This  method  was  fuggelled  by  a  confideralion  of  Sir  Ifaac 
Newton's  prifmalic  eye-glafs,  the  principle  of  which  depends 
on  the  refiedion  of  light  at  tlie  inner  furtace  of  a  denfe  rc- 
iiading  medium. 

Since  Lhc  range  of  inclination  within  which  total  reflection  by  loglc  of  toni 

•  pia.f.Tnrf. .!«.  »a.a«.„4. 
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confine  of  the     iAd  place,  depends  not  only  on  the  denfity  of  the  reAefimg 

denfer  of  two     prifin,  but  alfo  on  the  rarity  of  the  medium  adjaoent  to  it,  the 

extent  of  that  range  varies  with  the  difference  of  the  den6ties 

of  the  two  media.     When,  therefore,  the  refrafliTe  poffcr  of 

one  medium  is  known,  that  of  any  rarer  medium  may-  be 

learned,  by  examining  at  what  angle  a  ray  of  light  will  be 

reflcdied  from  it. 

Cencral  fad  >'or  inftance,  when  any  objed  is  laid  under  a  prifm  of  flint-   - 

^m^U  gTcater,  ^^*f  ^^  ^^  '^^^^  interpoiied,  the  internal  angle  of  incidence 

the  ff^ttr  the    at  which  the  vifual  ray  begins  to  be  totally  refleded,  and  at 

^"of  i!^1S".   ^^^^^  ^  ®y^  <^^"  ^  ^  ^^^  ^y  »«^«^ion'  "  »*^^  ^^* 
dium  towards    .10';  but,  when  the  objed  has  been  dipped  in  water,  and 

^i^$  •'*'*  ^^^*  brought  into  contad  with  the  glafs,  it  continues  vifible,  by 
.     '  means  of  the  higher  refradive  power  of  the  water,  as  fisur  as 

57  p  of  incidence.     When  any  kind  of  oil,  or  any  refinous 

cement,  is  interpofed^  this  angle  is  ftill  greater,  according  to 
Bn61  total  trinf-  the  refractive  power  of  the  medhim  employed ;  and,  by  ce- 
mtmoo.  ments  that  refrad  more  ftrongly  than  the  glafs,  the  objed  may 

be  feen  through  the  prifm,  at  whatever  angle  of  incidence  it 

is  viewed. 
Fluidf  tre  eafily  In  examining  the  refradive  powers  of  fluids,  or  of  fiifiMe 
Snfe  medium  fubftanccs  the  requifite  contad  is  eafily  obtained ;  but,  witli 
(orghis):  But  follds,  which  Can  in  few  indances  be  made  to  touch  to  any 
tete^TtkJrof'sr^^^  extent,  tliis  cannot  be  efluded  without  the  interpofition 
a  fluid  more  re-  of  fome  fluid,  or  ccment,  of  higher  refradive  power  than  the 

fnngent  than  medium  under  examination.  Since  the  furfaces  of  a  ftratum 
ueiiuelve&> 

fo  interpofed  are  parallel,  it  will  not  affed  the  total  deviation 

of  a  ray  pafling  through  it,  and  may  therefore  be  employed 

without  rifle  of  any  error  in  confequence. 
Thus,  refill,  or  oil  of  faflafras,  interpofed  between  plate 

glafs  and  any  other  prifm,  will  not  alter  the  refult. 
A  trbnsnitr  If,  on  the  fame  prifm,  a  piece  of  felenite  and  another  of 

kl^V^f™  °"y  plate-glafs  be  cemented  near  each  other,  their  powers  may  be 
pAringthe  powen  compared  with  the  fame  accuracy  as  if  they  were  both  in  ab- 
of  two  bodies  J     foiute  contad  with  it. 

For  fuch  a  mere  comparifon  of  any  two  bodies,  a  common 
hot  a  fquaie  triangular  prifm  is  beft  adapted  ;  but,  for  the  purpofc  of  adual 
prifm  fliews  the  meafurement  of  refradive  powers,  I  have  preferred  the  ufe  of  a 
without  calcula.'  f^uare  prifm,  becaufe,  with  a  very  flmple  apparatus,  it  fliows 
tion,  the  fine  of  refradive  power  fought,  without  the  need  of  any 

calculation, 
figure  end  ap.       Lc^  ^   pjg^  1   Pjgj^  jy^  j^  ^  fquare  or  redangular  prifm,  to 

pBeanon  of  tht  o      '  ^  it 

fqa4re  prifm.  which 
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which  any  fubfiance  is  applied  at  b,  and  let  any  ray  of  light  pa-  . 

Tallello  c6  be  rerrafled  ihroujjh  iheprifm,  in  Iheditcaionftrff.  < 

Then,  if  rf  and  c d  be  laltcn  proporiionsl  to  the  fines  that  Cnnrtruflioa  Bi 
Teprefcnt  the  refraaive  powers  of  the  prifm  and  of  air,  /tr,  ^u^^l^hJ^ 
which  is  intercepicd  belwfcn/aiid  the  perpendicular  fg,  will  any  ginn  t»n*\ 
be  the  corrcfponding  fine  to  reprefcnl  the  refraftive  power  ol  ''■"'''  ""°  *'*^j 
the  medium  b.     For,  fince  edg  (oppofife  to  ef)  is  the  angle  j 

of  refraftion,  ffg  (oppofite  to  erfj  muft  be  equal  to  the  aiigie  1 

of  incidence  bdh;  and  ef  :  fg  :  :  bd  ■:  dh  :  :  fine  ofcti: 
fine  of  hbd.  I 

All  therefore  that  i»  requiGte  for  determining  the  rerraftive inKruniHit      j 
power  of  h,  is  to  find  means  of  meafuring  ihe  line  fg.     One''i"K  ''^.^*' ! 
this  principle,  the  inftruraenl  in  the  annexed  flfetch  (Fig.  2.)  ^  '"  '^  ""*'( 
is  conflrufled.     On  a  board  a  &  is  fixed  a  piece  of  flat  deal  e  d, 
(o  which,  by  a  hinge  al  d,  is  jointed  a  lecond  piece  df,  10  J 

inches  long,  carrying  two  plane  Hghts  at  its  e\tremi(ios,     Al  J 

«  is  a  fecond  hinge,  connefling  ff,   15,33  inches  long;  and  a  m 

third  at  the  other  extremity  of  e/,  by  which /^  i<  connefled  fl 

with  it.     At  1  alfo  is  a  hinge,  uniting  Ihe  radius  ig  to  Ihe  ^ 

middle  of  «/;  and  then,  (incc  g  niovea  in  a  fcmicircle  egf,  a 
line  joining  e  and  g  ivoiild  be  perpendicular  lo/y. 

The  piece  Qd  has  a  cavity  in  Ih-e  middle  ofil,  To  thai,  when 
any  fubdance  is  apphed  to  the  middle  of  the  prifm  P,  it  may 
continue  to  reA  horizontally  on  its  extremities.  Wlien  ed  has 
been  fo  elevated  that  Ihe  yellow  rays  m  the  fringe  of  colours 
(obfervable  where  perfefl  rcfleftion  terminates)  nrefeen  throe gh 
Ihe  fights,  the  point  g,  by  meant  of  a  vernier  which  it  carrier, 
(hows  by  infpeftion  ihe  length  of  Ihe  fine  of  refraflion  fought. 

The  advanlages  which  this  method  potTelfes  above  the  nfuat  Thit  fMdi»l  B 
mode  of  examining  refraflive  powers,  are  greater  than  they^'*^™'|' 
may  at  firfl  light  appear.  The  ufual  praftice  has  been,  to  form  rcqulrouiijoal 
two  furfaces  of  the  fubitance  under  examination,  fo  inclined  """J "'^i''^ 
to  each  other  that  the  deviation  occaiioned  by  them  might  be  fight. 
roeafured.  The  inclination  of  thcfe  furfacei  fo  each  other 
mufl  alfu  be  known ;  and  thence  ihe  refraflive  power  might 
be  computed.  Bui,  in  the  melhod  here  propofed,  it  is  fuffi. 
cient  to  have  only  one  furface,  and  the  refult  is  obtained  at 
once,  without  computation. 

The  fecitily  of  determining  refraflive  powers,  is  confer  in  ftciijw  «», 
quently  fuch  a";  to  render  this  property  of  bodies  a  very  conve-  ^"',".  ""j^l"'  * 
nienl  left  in  many  philofophical  inquiries.  For  difcovering  the  phicji  iaqui'i^ 
purity  of  elTenlial  olh,  fuch  an  examination  may  be  of  con. 
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iiderable  ntiUty,  on  account  of  the  fmallnefs  of  the  qnantity 

requifite  for  trial.     In  oil  of  cloves,  for  inftance,  I  have  met 

with  a  wide  difference.     The  refradive  power  of  genuine  oil 

of  cloves,  b  as  high  aa  1,533  ;  but  I  have  alfo  parchated  oil 

bjr  this  name,  which  did  not  exceed  1,498,  and  which  had 

probably  been  adulterated  by  fome  lefs  refradlive  oil. 

It  It  i^cabk  to     For  fuch  purpofes,  the  refradive  power  of  opaque  fubilanoef 

opake  bodies.     ^^^^  ofttn  be  deferving  of  inquiry,  which  could  not  be  learne^ 

by  any  means  at  prefent  in  ufe.    For,  in  the  ufual  modei  9 

certain  degree  of  tranfparency  is  abfolutely  neceflary ;.  but,  for 

trial  by  contad,  the  mod  perfed  opacity  does  notoccaiioa  tho 

lead  impediment. 

Saftaoe.  Among  other  inflances  in  which  I  have  taken  advantage  of 

this  circumftance,  I  may  mention  a  fubftance  that  had  been 

found  in  one  of  the  iflands  of  the  North  Pacific  Ocean,  which, 

to  all  outward  appearance  and  by  various  trials,  feemed  to  be 

perfed  bees-wax,  although  it  is  fuppofed  that  there  are  no  bee» 

in  the  ifland  from  which  it  was  brought.     On  placing  it  by  the 

fide  of  a  piece  of  bees- wax,  in  contad  with  a  prifm^  the  perfed 

equality  of  their  refradive  powers  afforded  a  ftrong  confirma^ 

tion  of  the  opinion  before  formed  of  their  identity. 

Bodies  of  varf-      For  the  examination  alfo  of  media  of  which  the  refiradive 

*"8  ^^^^J^^^  dcnfity  is  not  uniform,  tlie  general  method  of  trial  by  deviation 

it,  wholly  fails ;  on  the  contrary,  by  placing  a  varied  medium  in 

contad  with  a  prifm,  all  its  gradations  of  deniity,  from  greateft 

to  leafl,  become  at  once  the  objed  of  mere  infpedion.    An  in* 

fiance  of  this  may  very  readily  be  fcen  with  a  piece  of  gum, 

the  furface  of  which  has  been  moiflened  for  a  few  minutes ; 

when,  by  clofe  application  to  a  prifm,  a  refradive  power  may 

be  difcerned,  varying  from  that  of  the  water  on  the  furface, 

1,336,  to  nearly  1,51,  the  refradive  power  of  gum  arabic. 

partiMMy  the       I  fhould  not  fo  much  infifl  on  this  advantage,  were  it  not 

trjnuSm  ttiifc  f^^  ^^  opportunity  hereby  afforded  of  examining  the  cryffalline 

lens  of  the  eye,  which  is  now  known  to  be  generally  more  denfe 

in  the  centre  than  at  its  furface. 

Mr.  Haukibee,  who  was  not  aware  of  this  difference,  lias 
eflimated  the  re&adive  power  of  the  cryflalline  lens,  by  forming 
it  into  a  wedge  by  plates  of  glafs,  fome  what  higher  than  I  find 
it  to  be ;  but,  with  his  accuflomed  accuracy,  he  remarked,  the 
apparent  enlargement  of  an  objed,  occafioned  by  the  variations 
of  its  denfity,  which  he  was  unable  to  expbin. 
In  the  table  that  follows^  I  have  iet  down,  not  only  the  limits 

of 
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of  refrBdive  power  in  a  cryilolline  lens  of  an  ox,  afcertained  by 
trial,  but  alfo  an  average,  compated  from  the  refra6lire  denfitjr 
of  a  dried  crjftalline  of  an  ox,  of  which  Che  weight  had  been 
firft  taken  in  the  recent  fiate,  and  the  quantity  of  water  lofl  by 
drying  alfo  meafured. 

•  The  table  exhibits  a  feries  of  fubftances,  arranged  accordiDg  Tabic  of  refrae 
to  their  refra^ive  powers.  That  of  the  diamond  is^copied  from  **^*  P^^'*- 
Sir  Ifaac  Newton ;  of  other  bodies  to  which-  (on  account  of 
their  being  more  denfe  than  glafs)  the  machine  for  fneafurement 
would  not  apply,  the  refiradrve  powers  have  been  found  by 
otlier  means,  for  the  fake  of  fumifliing  a  more  continaed  (eriea 
of  fubjeds  for  comparatire  experiments.  -The  reft  have  been 
compared  by  this  method ;  and  their  power,  when  exprefled  in 
numbers,  actually  meafured. 

TABLE   I. 


Diamond        -        •      2,44 
Plombshgo     -        -  — 

Native  iiilphur  (double]  2,0^ 
Glafs,  confiding  of  lead 

6  and  fand  1         -       1,987 
Glafs  of  antimony      -     1 ,98 
Jargon  •        •         1,95 

Spinelle  ruby         -  1,812 

Arfenic  -  -       1,811 

Muriate  of  antimony,  variable 
White  fapphire         •      1,768 
Gum  dragon        -      -     — 
Iceland  fpar,  ftronge/l    1,637 
Sulphate    of     barytes 

(double)        -        .     1,646 
Balfam  of  Tolu       -       1 ,60 
Guaiacum         -         -     1^596 


Benzoin 

fUntglaft 

Ditto    - 

Horn 

Phofphorus 

Mica 

Opium 

Ancber         * 

Rock  cryfial  (double) 

Old  plate  glqfif 

Colophony 

Box-wooa. 

Bees-wax  *      -         * 


.     1,586 
1,383 

-     1,379 


1,547 
1>347 
1,343 
1,543 

1,542 


Oil  of  fal&fifas       •  l,5S6 

Red  fea  ling- wax  — i  • 

Spermaceti,  cold  — 

Sugar,  afler  fufion  — 

ArTcniate  of  potafli  — 

Mafhc  -i- 

Elemi  -^ 

White  wax  (cold)  — 

Oil  of  cloves         -  1,535 

Copal      -        -        .  1,335 

Anime         -         •  1,535 

RadcUjgh  crwim  glqft  1,535 

Pitch  — 
Centre  of  crvflalline  of 
fi(h,  and  dry  cryflaU 

line  of  an  ox        -  1,530 

Canada  balfam      -  1 ,528 

Crown  glqft,  common  1,525 

Selenite        -        •  1,525 

Caoutchouc         •  1,524 

Gum  Jac  — 

DiUck  plate  glafs        -  1,517 

Human  cuticle        -  — « 

Gum  arable         -  1,514 

Balfam  of  (uipivi       •  1,507 

Oa  of  amber         -  1,505 

Englii/h  pUUc  ^qft      •  1.304 

French  plait  gkLft     -  1,500 

Oil  of  outmeg      •  1,497 

Sulphate  of  pcftafli  l  ,495 
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Tallow,  cold 
Ii-eland  Tpar,  weakolt 

Camphor        -        • 
Liiiieed  oil    - 
Butler,  cold 
EHl-ncc  of  lemon       - 
Oil  or  lurpenti 


Oil  of  almonds 

olives 

peppermint 

^—  lavender     - 
Tallow,  taeltcd 

Sperm  ace  Li,  melted 


com- 

l,*76 
reaified  I.VTO 


1,4.G9 
1,+SB 
l,«7 
l,t60 
J,+i7 
1,4+6 


Cryflalline  lens  of  an  ox  1 ,4i? 
to      -      1,330 
Computed    average    of 

ditlo         -         -         1,430 
Sulphuric  acid  -       I,43S 

Fluor  fpar     -        -         I.MS 
NilricHcid[rp.gr.I,4S)  1,410 


Alcohol 

While  of  an  egg 

^iher 

Vitreous  humour  of 

eje         - 
Water 
Almolpheric  air 

[HaukOwe)        - 


1.57 
1,36 
1,3S8 


Tliii  method  i 
likewift  appli- 
cable Eo  tiew  ibc 
rlifperfii 


fttUa  t»flet- 
ty  1  fiingc  of 


Mcept  when 
(rhe  icrnfllnnt 
being  unrijujl) 


■  iflhei 

■  dlDB)  be  grctUll 

eoluuii  wlU  be 
Iniemd. 


ON  THE  DISPERSION  OF  LIGHT. 

method  above  defcribed  for  inveftigaling  rcfraftii-e 
power*,  may  alfo  be  employed  with  fimilar  advantage  for 
inquiries  into  the  difpcrfion  of  light  by  different  bodies,  and  the 
confcquences  that  refult  from  their  combined  afiroii. 

Wlien  a  glafi  ptlfm  is  placed  in  contaci  with  water,  and 
brought  near  the  eye,  in  fuch  a  pofilion  thai  it  reflefl?  the  light 
from  a  window,  tlie  extent  of  pcrfcfl  refleflion  is  feci)  to  be 
bounded  by  a  fringe  of  the  prifmalic  colours,  in  the  order  of 
their  refrangibility.*  The  violent  rays,  being  in  this  cafe  the 
mofl  refiangibic,  appear  (Iroiigcft  and  lowert, .  on  account  of 
the  le(s  obliquity  that  is  requifile  for  their  rcAeftiot). 

But  il  may  happen  that  two  media,  which  refract  uncquBltjr 
at  ihc  fame  incidence,  may  difperfe  equally  at  that  incidence 
Under  ihefe  circ  urn  fiances,  a  pencil  of  rays  palTing  fiom  one 
ot  fuch  media  into  the  other,  will  be  refracted,  without  difpcr- 
fion of  its  colour).  The  boundary  of  prifmalic  retie&ion  would 
then  be  found  a  well  defined  line,  free  from  colour,  if  the  fur- 
face  al  which  the  reflected  light  emerges  from  the  prifm,  were 
at  right  angles  to  its  courfe. 

When  the  difparity  of  ttie  difperfive  powers  of  the  mediftii 
flill  greater,  it  may  alfo  happen,  that  the  ufual  order  of  prif- 
matic  colours  will  be  rcverfed  ;  wrd  then  the  icd  will  appear 
Hiongefl  and  lowcft  in  the  fringe,  unlefs  the  colours  fo  pti>- 

*  Newlgn'i  OfXict.  Book  i.  part  2.  £ip.  IC. 
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daced  are  counteraded  by  refradion  at  thdr  esiergence  from, 
the  prifin. 

An  iniiance  in  which  the  colours  are  fo  reveried,  nay  be  Inftance :  F* 
feen  by  application  of  oil  of  (aflafras  to  a  prifm  of  fUnt  glafs.     ^^^^^^^  ^^ 

So  high  is  the  difperii  ve  power  of  this  oil»  that,  in  refradions 
from  flint  glafs  into  it,  the  red  rays  are  refradted  more  than  th« 
violet. 

It  mud  be  obferved  that,  in  this  experiment,  when  the  angle 
of  reflection  within  a  triangular  prifm  exceeds  60^,  the  angle  of 
emergence  is  fuch  as  would  alone  occasion  the  red  rays  to 
appear  lowermofl ;  but,  when  the  glafs  ufed  is  redUngular,  tlie 
refi^dion  at  emergence  has  an  oppofite  effe6i ;  any  reverfion 
of  colour  will  therefore  be  in  fome  degree  corrected,  and  may 
not  be  feen,  unlefs  the  difperfive  power  of  tlie  medium  in  con- 
tad  much  exceeds  that  of  the  glafs. 

A  cafe  of  refraction  with  an  inverted  order  of  colours,  has  Crown  glafs  and 
been  obferved  by  Dr.  Blair,*   in  a  compound  objea-glafs**"*^'"'?"*^"** 
where  crown-glafs  was  in  contadt  with  oil  of  turpentine.  From 
trials  with  lenfes,  he  likewife  inferred,  that  feveral  other  fluids 
kave  the  fame  efled,  when  applied  to  that  glafs. 

With  this  glafs,  and  alfo  with  plate-glafs,  1  have  tried  oil  of  <>**'  ®'*'**  ^^ 
turpentine,  and  many  other  fluids  that  afl^ord  a  fimtlar  revcriion 
of  colours,  as  linfeed-oil,  olive-oil,  the  eflential  oils  of  berga« 
mot,  lemon,  lavender,  pennyroyal,  and  peppermint,  flrong 
nitric  acid,  and  many  artificial  compounds  that  I  ftiall  prefently 
have  occaflon  to  mention. 

The  difperfive  power  of  fluor  fpar  is  the  lead  of  any  fub-  F'uof  fpw  f»f- 
flance  yet  examined ;  fo  that,  although  its  refraftive  power  is  ^^  **  ^^^^  * 
alio  remarkably  low,  (confidering  its  great  fpeciflc  gravity,)  a 
prifm  of  fluor,  in  contafl  with  water  or  alcohol,  (hows  the 
prifmatic  colours  to  be  refiradled  in  an  inverted  order. 

Whh  heavy  fpar,  the  inflanccs  of  rcverflon  are  very  nume-  tlfo  p«nderooi 
rons,  as  its  difperfive  power  is  low,  and  is  accompanied  with^F" 
great  refractive  denfity.     In  the  refradlions  from  tliis  fpar  into 
flint  glafs,  and  into  all  oils  or  reflns,  I  believe,  without  excep- 
tion* the  colours  are  feen  revcrfed. 

Kock  cryflal  likewife  difperfcs  fo  little,  that  it  exhibits  the  and  rockcryfta 
colours  reverfed,  when  it  is  in  contaCt  with  many  fubdances  of 
lefs  refractive  power  than  itfelf.     I  have  tried  it  with  Dutch 
plate-glafs,  with  Canada  balfam  and  balfam  of  capivi,  with 
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ICKTHOO  OF  EXAMHriNG  OISFEKSIVK  POWSXf. 

ffiftDj  oils  eflential  and  exprefled,  and  have  found  the  coloar» 
in  all  thefe  ^es  reverfed. 

Bj  folutions  of  metallic  falls,  a  gireat  variet  j  of  fudi  appear* 
anoes  may  be  produced.  Mpft  of  thefe  componndt  have  ft 
highly  difperfive  power ;  and  many  of  them  may  be  rendered 
fbfficiently  denfe  to  occafion  reverfion,  even  when  applied  to 
flint'glafs.  In  a  more  dilute  (late,  they  may  be  ufed  with 
crown-glafsy  or  plate-glafs,  to  produce  the  fame  efied.  And 
fince,  when  further  diluted  by  a  lefs  difperfive  medium,  they 
will  alfo  preie'nt  an  appearance  of  colourlefs  refradion,  we 
may,  by  examining  the  degree  of  dilution  neceflary  for  that 
purpofe,  compare  the  difperfive  powers  of  any  ingredients 
contained  in  them,  and  may  gradually  extend  our  knowledge 
of  this  property  to  the  elements  of  any  bodies,  however  com- 
pounded. 

As  a  fpecimen  of  the  method,  I  have  in  this  way  compared  a 
few  folutions  of  metals,  and  of  other  fubflances,  that  were  each 
diluted  till  the  limit  of  refledion  appeared  void  of  colour,  when 
they  were  in  contad  with  a  redangular  piece  of  plate-glafs ; 
and,  in  the  table  which  follows,  I  have  exprefled  their  reiraAtve 
powers  in  that  Aate  of  dilution,  as  nearly  as  the  eye  can  difcern 
the  difappearance  of  colour. 

TABLE  II. 


Table  of  their 
denfities  in  that 
ftate. 


Nitro-muriatc  of  gold 

Nitro-muriate  of  platina 

Nitrate  ef  iron         -         -         - 

Sulphuret  of  pota(h 

Red  muriate  of  iron 

Nitrate  of  magnelia 

Nitric  acid        -        -        -        . 

Nitrate  of  jargon 

Balfam  of  Tom     -        -        - 

Acite  of  h'tharge  (extract  of  lead) 

Nitrate  of  filver 

Nitrate  of  copper 

Oil  of  fadafras      -        •         - 

Muriate  of  antimony 

Nitrate  of  lime        -        -        - 

Nitrate  of  zinc 

Green  muriate  of  iron 

Muriate  of  magnefia 

'■     -  of  lime        -        -        . 
■  of  zinc    -        -         - 
Eflence  of  lemon      - 
i)aifam  of  capivi    •      -        - 


In  Water. 

Id  AlcdioU 

],36'4 

i,S90 

J, 370 

1,375 

1,375 

1,385 

1,395 

... 

1,400 

i,^too 

-  ■ 

],405 

— 

1,410 

1,410 

1,422 

r 

1,415 

1,416 

1,425 

1,440 

1,425 

— 

1,430 

— 

1,440 

w 
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METHOD  op  EXAMINmc  DI8PIK8IVE  TOWKKl.  97       * 

[t  tray  here  be  feen,  that  fcveral  of  the  metals  Jncreafe  (heOoM  mdplitini 
difperrive  powers  or  nitric  and  iDuriatic  acids,  and  confeqoenll/"""'?^''.''" 
exceed  Uiem  in  that  refpefl.     Of  »\\  Ihefe  fublUnc-es  [hat  IjJX'  "'  *'" 
have  yet  tried,  gold  and  piatina  are  the  mod  difperfive.     The 
lead  difperllvc  ot  the  mclal*  is  zint. 

earlhi  alfo  are  found  to  poiTefs  litis  properly  in  very  The  cnihiiiiaeT   ' 
different  degrees:  that  of  the  Jargon  and  magnefia  difTer  but*""'  ' 

little  from  nitric  acid  in  difperfive  power  i  but  filiceoui  earth, 
on  the  conlrary,  U  interior  to  water.  , 

By  comparing  the  falls  formed  with  the  nitric  and  muriatic Nlwicicld  ilf-  \ 
acids,  it  appeared  probable  that  the  former  had  the  higher  dif-^'^^^^^  | 
perfive  power  j  but  amorcdiruft  comparifoti  could  not  be  made 
by  means  of  the  re^angular  piece  of  plate-gtalV  ai  muriatic 
acid  could  not  be  rendered  fufHciently  denfe  for  fuch  a  trial  i  I 
therefore  made  ^fe  of  a  triangular  prifni  of  crown-g lafs,  which 
is  in  itfelf  lefs  drfperlive  than  any  plale-glafs,  and,  from  the 
relative  pofition  of  its  rurt'acen.  occa£oned  lefscorreflion  of  the 
colouri.  With  this  prifm,  I  found  that  flrong  muriatic  ftcid 
(having  a  refcaflive  power  1,3^4)  exhibited  the  colonrs  re- 
verfed  ;  and  thai,  when  it  was  diluted  till  Ihelimit  of  refleaion 
appeared  void  of  colour,  its  refraflive  power  was  reduced  to 
1,382,  But  the  difperlive  power  of  nitric  acid,  when  tried 
by  the  fame  prilm,  proved  to  be  greater ;  fur  this  acid  required 
to  be  diluted  till  its  rcfraflive  power  did  not  exceed  i,375, 
before  the  colour  wa»  wholly  dtliroyed. 

In  the  tabic  it  may  be  obfi:rved,  that  llie  red  and  green  mu-  Mere  aiygen 
riate*  of  iron,  tliouirh  confiliinK  of  the  fame  meljil  and  acid,  „""'!!','"'?'' 

'BO  man  difptrlim 

differ  very  much  in  difpetfive  power  ;  and,  confequenlly,  thaiin  the  minlaM 
fome  caution  will  be  necelTary,  in  attempting  lo  compare  tha*^"^" 
difliiri-'iit  Fietals  with  each  other  by  means  of  the  falls  contain. 
ing  them,  as  any  ditfcrence  obferved  may  be  owing  in  part  to 
a  difTerence  in  the  quantity  of  acid  to  which  they  ate  united, 
and  in  part  to  their  different  proportion  of  oxygen. 

A  flriliing  inllancc  of  the  latter  ji  manif el),  from  a  compa-  but  )kU  in  (be 
rifon  of  fulphur  with  the  fulphuric  aud;  for,  while  the  former ^"1^5*"*^ 
appears  to  exceed  the  metallic  oxidei  in  dilperfive  power,  the 
tatter  is  inferior  even  to  water. 


\ 


At  I  have  likewife,  at  various  times,  made  many  experi- The  order  of  ' 
menl»  on  difpetCu  by  means  of  ss-edges,  in  a  manner  nearly  ;'';^^',^:"  " 
fimiiar  to  that  employed  by  Mr.  Dollond,  Di.  Blair,  andolheri,f^,t  pewtui 
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MBTUOD  OP  BXAMIVINO  DItPBKSIVE  rOWB&S.' 

I  have  endeavoured  to  reduce  the  feveral  fab(bnces  thus  exa* 
mined  to  one  table ;  but,  as  the  limits  of  colour  are  in  few  ni- 
fiancet  fufiiciently  well  defined  for  accurate  menfurationi  I  have 
not  attempted  to  add  any  numerical  efHmate  of  their  powers, 
but  have  merely  afcertained  the  order  in  which  tfaay  fucceed 
each  other ;  aodj  in  Uie  following  table,  have  arranged  them 
according  to  the  excefs  of  their  cfie£t  on  violet  above  red  light, 
at  a  given  angle  of  deviation. 


TABLE  III. 

• 

tabulated  with     Order  of  difperfifc         j^^^, 

r»  Power. 

Older  of  aifpcriive        Refr.P«fer. 

their  refnftivc           Powcn. 

Povert. 

powcn  anaexed.  Sulphur 

2,04 

Amber 

1,547 

Glafs  of  lead  ( |  fand) 

1,987 

Diamond 

2,44 

Balfain  of  Tolu 

1,60 

Alum 

1,457 

Oil  of  faffafras 

1,336 

Plate-glafs,  Dutch 

1,517 

Muriate  of  antimony 

Ditto,  EngliOi 

1,50^ 

Guaiacum 

1,596 

Crown  glafs 

1,533 

Oil  of  cloves 

1,535 

Ruby  (fpinelle) 

1,812 

Flint-fflafs 
Colophony    - 

1,586 

Water 

1,336 

1,543 

Sulphuric  acid 

IMS 

Canada  t»lfam 

1,528 

Alcohol 

1,37 

Oil  of  amber 

1,505 

Sulphate  of  bar)  tes 

1,646 

Jargon 

1,95 

Selenite 

1,525 

Oil  of  turpentine 

1,47 

Rock  cryftal     - 

1,317 

Copal 

1,535 

Sulphate  of  potaOi  - 

1,495 

Balfani  of  capivi 

1,507 

White  fapphire    - 

1,768 

Anime 

1,535 

Fluor  fpar 

1,433 

Iceland  fpar        •    , 

1,657 

A 

Kumerous  ^Y  comparifon  of  this  table  with  the  order  of  refra^ive 

acKiomatic  com- powers,  as  contained  in  the  firft  table,  it  will  be  feen  how  little 

corrcfpondence  there  is  between  them  ;  and,  accordingly,  how 

numerous  are  the  combinations  by  meant  of  which  a  pencil  of 

rays  that  pafTes  through  two  media,  may  be  made  to  deviate 

without  difperfion  of  its  colours. 

White  light  does     I  cannot  conclude  thefe  obfervations  on  dirperiion,  without 

uot  »ppearto  be  remarking  that  the  colours  into  which  a  beam  of  white  light  is 

pnfin  ia.oJfVM  fcp^i^ble  by  refradlion,  appear  to  me  to  be  neither  7,  as  they 

into  three     ufually  are  feen  in  the  rainbow,  nor  reducible  by  any  means 

(that  I  can  tind)  to  3,  as  fome  perfons  have  conceived  ;  bnt 

that,  by  employing  a  very  narrow  pencil  of  light,  4  primary 

divifions  of  the  prifmatic  fpe£!rum  may  be  feen,  with  a  degree 

of  diihn^eft  that,  I  believe,  has  not  been  defcribed  nor  ob- 

^ferved  before. 

'.  .     -  4  If 


colours. 


IIITHOD  OP  EXAKIMINO  DISFK&SIVB  FOWIRS*  Qg 

'    If  a  beam  of  day-light  be  admitted  into  a  dark  room  by  axncilacate  by 
crevice  ,'^  of  an  inch  broad^  and  received  by  the  eye  at  the J^J*  die^ 
diihmce  of  10  or  12  feet,  through  a  prifm  of  flint-glafs,  y^^tDbefoor. 
from  veim,  hdd  near  the  eye,  the  beam  is  feen  to  be  feparated 
into  the  four  following  colours  only,  red,  yellowifh  green,  blue, 
and  violet ;  in  the  proportions  reprefented  in  Fig.  S. 

The  line  A  that  bounds  the  red  fide  of  the  fpefirum  is  (bme-Renvkable 
what  confufed,  which  feems  in  part  owing  to  want  of  po^er^jfl'^^f  * 
in  the  eye  to  converge  red  light.  The  line  B,  between  red 
and  green,  in  a  certain  pofition  of  the  prifm,  is  perfedly  dif- 
tind ;  fo  alfo  are  D  and  E,  the  two  limits  of  violet.  But  C, 
the  limit  of  green  and  blue,  is  not  fo  clearly  marked  as  the 
refl ;  and  there  are  alfo,  on  each  fide  of  this  limit,  other  diftinA 
dark  lines,  /  and  g,  either  of  which,  in  an  imperfed  experi<^ 
ment,  might  be  mifiaken  for  the  boundary  of  thefe  colours. 

The  pofilion  of  the  prifm  in  which  the  colours  are  moft  Spaces  occupied 
clearly  divided,  is  when  the  incident  light  makes  about  equal ^  the  coiott«} 
angles  with  two  of  its  fides.     I  then  found  that  the  fpaces  AB, 
BC,  CD,  DE,  occupied  by  them,  were  nearly  as  the  numbers 
16,  23,  36,  25. 

Since  the  proportions  of  thefe  colours  to  each  other  have  been 
fuppofed  by  Dr.  Blair  to  vary  according  to  the  medium  by 
which  they  are  produced,  I  have  compared  with  this  appear* 
ance,  the  coloured  images  caafad  by  prifmatic  veflelt  contain- 
ing fubfiances  fuppofed  by  him  to  diflfer  mofl  in  this  refpe6t, 
fnch  as  ftrong  but  colourlefs  nitric  acid,  rectified  oil  of  turpen- 
pentine,  very  pale  oil  of  faflafras,  and  Canada  balfam,  alfo 
nearly  colourlefs.  With  each  of  thefe^  I  have  found  theoetrly  the  tew 
fame  arrangement  of  thefe  four  colours,  and,  in  fimilar  pofitiont"'^^*'^'^^^^' 
of  ihe  prifms,  as  nearly  as  I  could  judge,  the  fame  proportions 
of  them. 

But,  when  the  inclination  of  any  prifm  is  altered  fo  as  tobut  js  chugtd 
jncreafe  the  difperfion  of  the  coburs,  the  proportioni of  th^m^*?** '"^* 
to  each  other  are  then  alfo  changed,  fo  that  the  fpaces  AC  and 
CE,  inflead  of  being  as  before  39  and  6 1 ,  may  be  found  altered 
as  far  as  42  and  58.* 

H  2  By 

• 

*  Although  what  I  have  above  defcribed  comprifes  the  whole  onuvlfiblt  best 
the  prifmatic  fpeftnim  tbit  can  be  rendered  vifible,  there  alfo  pais  on  ^^'^J^"^^'^ 
each  fide  of  it  other  rays»  whereof  the  ryt  is  not  fenfible.    From^^ 
Pr.  Hcrfchers  experiments  (Phil.  Traaf*  for  1800)  we  learn,  that 
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Curioui  eift6t        By  candle-light,  i 
Bf  cbt  «ft.ai«i  tinguifhed.     When  a 


V  be  dir-       ^ 


1  dilTeretit  (el  o(  appearances 
a  very  narrow  line  of  the  blut;  '"ghl  at  the 
*  lower  part  of  the  flnme  is  examined  alone,  in  the  fame  manner, 
"  through  a  piifni,  the  Ipccirum,  inflead  of  appearing  a  fcries  of 
lighls  of  different  hues  contiguous,  may  be  feen  divided  into  five 
imagcf,  at  a  dillancc  from  each  other.     The  111  h  broad  red, 
terminated  by  a  bright  line  of  yellow ;  the  2d  and  3d  arc  boitt 
green  ;  the  4th  and  5lh  are  blue,  ihe  lad  of  whlih  appear*  to 
refpond  with  the  divifion  of  blue  and  violet  in  Ihe  folat 
fpearum.  or  the  line  D  of  Fig.  3. 
lit  tht  lighi  of       When  the  objcfl  viewed  ii  a  blue  line  of  eledric  lisht,  I 
dtSaicJcj,         have  found  the   fpefirum  to  be  alfo  feparatcd  into  feveral 
I  images ;  but  the  phenomena  are  fomewhat  diflerent  from  tho 

H  preceding.     It  h,  howc\'er,  needlufs  to  defcribe  minulelv,  sp- 

^L  pearances  which  vary  according  to  the  brilliancy  of  llic  light, 

^K  and  which  1  camiol  undcttaie  lo  explain. 


t  fide  Ihtri 
frangible  than  red  1 


ghti 


<l,fe.T- 


rilible  rayi  occalionlng  heat,  that  are  left  re- 
n  the  other  I  h»fe  niyfrlf  obIer*cd> 
(md  (he  fame  remark  hat  been  made  by  Mr.  Rllter,}  that  ihcre  arc 
likewife  invifiblc  rayi  of  another  kind,  that  ire  more  rcfrafled  lh>n 
ibe  violet.  It  ic  by  their  chcmic?!  effeft*  slooe  that  the  exiftenceaf 
thefe  can  be  difcovered  (  and,  by  far  the  moil  ilelicate  teft  of  their 
prtfence  ia  Ihe  while  muriate  of  filver. 

To  Scbeele,  among  many  valuable  difcoveriei,  we  are  indebted 

fw  having  firft  duly  diftinguilhed  between  radiant  heal  and  light  i 

•nthetoofioe     (Trmli dt  I' Air  el ^  Feu,  ^  56,  j7  j)  and  to  him  »1fu  we  owe  the 

""let.  obfervation,  that  when  muriate  of  filver  It  e«pofcd  to  the  common 

prifmatic  fpreflmm.  It  it  blackened  moie  In  ibe  vloltt  than  in  any 

other  kind  of  light.   {%  6<i.)     In  repeating  this  experiment,  I  found 

that  the  blicknefi  extended  jiot  only  through  the  fpate  oceupied  by 

the  violet,  but  to  an  equal  degree,  and  to  about  an  equal  diftance, 

beyond  the  vilible  fpeftium  ;  and  that,  by  narrowing  ihe  pencil  of 

I      I  light  received  on  (he  prtlm,  the  difcoloration  may  be  made  to  fall 

^L.  '  almo(t  entirely  beyond  Ihe  violet. 

Br  It  would  appear  therefore,   that  this  and  other  effefts  ufually  al- 

^k  ttibuled  to  light,  are  not  in  fad  owing  to  any  of  ihe  raya  ullially 

^^  perceived,  but  to  invifible  rayi  that  accompany  them;  and  that,  if 

^F  we  include  two  kindi  that  are  inviGble,  we  may  dillinguilb,   upon 

B    '  the  whole,  Gx  fpeciei  of  rays  into  which  a  fun-beam  li  divifible  b 

B  refrafiioB. 


-I 

inuofcgial 


An  Aeeount  nf  Dr.  Young's  Harmonic  Slidert.     From  hit 
Paper  in  theJowmiU  ttf'llin  Roval  Inftilution,  p.  '261 . 

i.  HE  combinnli'm  of  undu!a(ion«,  however  caulioufly  the  UriUqr 
world  may  adopt  in  application  lu  ilie  explanation  of  optical  bilieTo^^Ii!!'! 
phenomena,  i^  nf  acknowledged  utihiy  in  illudraling  the  phe.  dam  in  cipiilnii 
notnena  of  mufical  confonances  and  diironances,  and  of  uiide-  f"*„'J""'^'^ 
niable  importance  in  accounting  for  manj  of  the  phenomena  of  ujei,  '  ,| 

the  tide.t.     Each  tide  ii  an  undulation  on  a  large  fcale;  and,  <| 

fuppofing  the  general  form  of  the  ocean,  in  confeqiienceof  the  J 

attraflion  of  a  dillant  body,  to  coincide  with  that  of  an  oblong  I 

fpheroid,  as  it  is  found  by  calculation  lu  do,  ihe  ft;dion  of  the  -4 

furface  of  each  tide,  if  conceived  to  bu  unbent  from  tlieci^cu-  | 

lar  form  and  extended  on  a  plane,  would  form  the  liariponic 
curve.  (Young's  Syllabun,  IV.  151.  155.)  H  is  remafkable 
that  the  raolions  of  the  parlicles  of  ihe  air  in  found  have  been 
generally  fuppofcd  in  llteory  to  correfpond  with  Uie  ordinates 
of  this  fame  curve,  and  that  there  rs  alfo  experimental  reafon  tu 
believe,  that  (he  purell  and  mod  homogeneout  found;  do  in  fad 
agree  very  nearly  wilh  the  taw  of  this  curve.  It  ii  therefore  by 
far  the  mol^  natural  as  well  as  the  molt  convenient  to  be  af- 
fumed,  as  reprefenling  the  llate  of  an  undulation  in  general ; 
and  the  name  of  thcfc  harmonic  Aider)  ii  very  properly  de- Ttte  hummlc 
duced  from  the  harmonic  curve,  flidert 

By  means  of  Ihii  inftrument,  the  procefs  of  nature,  in  the "fiWy  ubibit 
combinations  of  motion  whi.h  take  place  in  various  cafes  of'^'^J^^^'*.'* 
the  junftion  of  undulations,  is  rendered  vifible  and  intelligible,  jund 
wilh  great  cafe,  in  the  mo fl  complicated  cafes.     Il  is  unne-''"'*'' 
oetTary  to  explain  here,  how  accurately  both  the  fituationi 
and  motions  of  the  particle*  of  air,  in  found,  may  be  repre- 
fented  by  the  ordinaies  of  ihc  curve  at  different  points  :  it  is 
fuRicient  to  conlider  them  as  merely  indicating  Ihe  height  of 
tlie  waler  conltiiuling  a  tide,  or  a.  wave  of  any  kind,  which 
exill«  at  once  in  its  whole  extent,  and  of  which  each  point 
patfes  alfo  in  fuccelSon  through  any  given  place  of  obferva- 
liun.     We  have  then  loexamine  what  will  be  the  efTe^iof  twoEipii 
lidei,  produced  by  different  caufes,  when  united.     In  order''"' 
to  reprefenl  this  eRcc).  we  mufl  add  to  the  elcvalioni  or  de. 
prelTtORs  it)  confequence  of  the  lirll  tide,   lite  elevations  or  de- 
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preffions  in  confeqaence  of  the  fccond,  and  fubtrad  them  when 
they  coanteraa  the  efieA  of  the  firft :  or  we  may  add  the  whole 
height  of  the  fecond  above  any  given  point  or  line,  and  then 
fubtrad,  from  all  the  fums,  the  difiance  of  the  point  affumed 
below  the  medium. 
Jtihibidwi  of  •      To  do  this  mechanically  is  the  objed  of  the  harmonic  flidert. 
iapk  lid^        yj^  furfcce  of  the  firft  tide  is  reprefented  by  the  curvilinear 
termination  of  a  (ingle  board*  Plate  VI.  Fig.  1.    The  fecond 
tide  is  alio  reprefented  by  the  termination  of  another  farface ; 
bnt»  in  order  that  the  height  at  each  point  may  be  added  to  the 
height  of  the  firft  tide,  the  furface  is  cat  tranfverfely  into  a 
number  of  feparate  pieces  or  (liders,  which  are  confined  within 
a  groove  or  frame,  and  tightened  by  a  fcrew.  Fig.  2.    Their 
aai of  eoabtoa- lower  ends  are  fituated  oiginally  in  a  right  line;  but,  by 
S»  inotni/'or  ^'^'"g  ^*  fcrew  and  moving  the  Aiders,  they  may  be  made 
nodi/y,  or  de-    to  afllime  any  other  form  ;  thus  they  may  be  applied  to  the 
ftroy  each  other,  furfcce  reprefenting  the  firft  tide ;  and  if  the  (imilar  parU  of 
each  correfpond.  Fig.  H,  thccombination  will  reprefent  a  tide 
of  twice  the  nmgnitude  of  the  fimple  tides. 

The  more  thecorrefponding  parts  are  feparated,  the  weaker 
will  be  the  joint  effeft.  Fig.  4;  and,  when  they  are  furtheft 
removed,  the  whole  tides,  if  equal,  will  be  annihilated.  Fig.  5. 
Thus,  when  the  general  tide  of  the  ocean  arrives  by  two  differ- 
ent channels  at  the  fame  port,  at  fuch  intervals  of  time  that 
the  high  water  of  one  would  happen  at  the  fame  inftant  with 
the  low  water  of  the  other,  the  whole  eflfeA  is  deftroyed,  ex* 
The  principle  it  cept  fo  far  as  the  partial  tides  differ  in  magnitude.     The  prin- 
Y^^i^^  «fci  ^'P^®  being  once  underftood,  it  may  eafily  be  applied  to  a  mul* 
tiplicity  of  cafes :  for  inftance,  where  the  undulations  differ  in 
their  dimenfions  with  regard  to  extent.    Thus,  the  fenes  of 
fiiden  being  extended  to  three  or  four  alternations,  the  effed 
undnlitjoiisdif'  of  combining  undulations  in  the  ratio  of  2  to  1  of  3  to  1,  of  2  to 
hnng  in  extent.  3^  ^f  3  ^^  4.^  „^y  l^  afcertained.  by  making  a  fixed  furface, 

terminating  in  a  feries  of  curves,  that  bear  to  thofe  of  the  Aiding 
fiirface  the  ratio  required :  and,  by  making  them  differ  but 
The  beat  of  an  flightly ,  the  phenomenon  of  the  beating  of  an  imperfed  unifon 
i^rfea  am-  |j|  mufic  may  be  imitated,  where  the  joint  undulation  becomes 
alternately  redoubled  and  evanefcent.  In  Fig.  6,  the  pro- 
portion is  that  of  17  to  18,  and  the  curvilinear  outiiqe  repre- 
fents  the  progrefs  of  the  joint  found  firom  the  greateft  degree'of 
inlenfity  to  the  leaft,  and  a  little  beyond  it. 

VII.  ObfircaHoni 
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vir. 

Ol^ertaUoiu  on  the  Appearances  produced  b\f  the  CoUifion  i^fSieel 
with  Hard  BodUi.  By  Mr.  Davy,  Lcdurer  on  Chemifiry 
at  the  Royal  Jiijlituiion  ^'. 

LiVlR.  HAWKSBEE  long  ago  (liewed,  that  no  fparksH^jf^^^w'sMp 
could  be  produced  by  the  collifion  of  flint  and  fleel  i  in  Uie  j^  vacuo, 
exhauded  receiver  of  an  air  p^mpJ  and  that  in  thb  cafe  a  fiunt 
Ught  only  was  perceived.    And«  iince  his  time,  the  larae  ob- 
fervation  has  been  very  oflen  made. 

The  developement  of  the  theory  of  combuftion  has  clearly  Sparks  thus  pro< 
(bown  that  the  vivid  fparks  obtained  from  fteel  in  the  a^™®^- olli^l »  «n^* 
phcrc,  are  owing  to  the  combination  of  the  fmall  abraded  and  buftioo  of  tht 
heated  metallic  particles  with  oxigen.    fiut  it  has  been  a  mat-  ^'* 
tcr  of  doubt  whether,  in  the  experiment  made  in  vacuo,  the 
faint  luminous  appearance  is  oiiyriAg  wholly  to  the  light  pro- 
duced by  tlie  fra^ure  and  abrafioo  of  the  parts  of  the  flint,  or 
only  partly  to  tliis  caufe,  and  partly  to  the  ignition  of  the  mi- 
nute filaments  feparated  froin  the  Aeel. 


II.  I  have  often  found,  that  when  a  fine  and  thin  flint.  Light  In 
which  may  be  eafily  broken,  is  ufed  for  the  coUiiion  in  vacuo,  wlthathinftsi 
the  light  is  muci)  more  vivid  than  when  a  thick  and  firong  one  fliflt, 

is  employed :  and  with  a  (Irong  flint,  but  jufi  fliarp  enough  to 
give  fparks  with  ileel  in  the  atmofphere,  it  is  feldom  that  any 
light  at  all  is  produced  in  the  exhaafled  receiver.  Hiefe  fii6b  The  coUifioa 
feem  to  (hew  that  the  abraded  particles  of  fteel  are  not  ren-  tbc  A«d  ndhoc 
dered  at  all  luminous  by  collifion,  except  in  coDieqaence  of 
Gombuflion ;  and  the  opinion  is  almoft  fully  proved  by  the 
following  experiment,  which  was  made  in  the  courfe  of  a 
ledure  on  the  properties  of  light,  in  the  theatre  of  tho  Royal 
Inftitution,  and  whicii  has  been  iince  oAen  repeated. 

III.  A  thin  piece  of  iron  pyrites  {  (fulphuret  of  iron)  wasP/ritetinitil 
inferted  in  a  gunlock  in  the  place  of  the  flint.    It  gave  ^J^^^^^ 

•  Jovmil  of  the  R.  I.  264. 

t  Philolbphical  Trmfliaions,  Vol.  XXIV.  p.  2165. 

X  The  etymology  of  the  name  of  this  fubftanca  fliews  thtt  its 
property  of  giving  -fire  by  collifion  was  very  anciently  known.  It 
was  ufed  in  the  old  gunlocks,  with  the  revolving  wbetl»  for  in* 
flaming  the  priming. 


eOLLISISTf  or   tTttt.  IVITtt   BAKT)   vobtn. 
collifion  in  the  tttmorpheie  very  vivid  fparkt ;  whicb  weia 
chiefly  white,    from  the  combuliion  of  the  parlicles  of  the 
Heel ;  but  fomelimes  mixed  vriih  a  few  red  fparks  from  the 
combuflion  of  the  particles  of  the  pyrites.     The  gunlock  was 
introduced  under  the  receiver  of  an  air  pump,  and  the  exhauf- 
tion  was  made  till  ihe  mercury  iu  the  Hiarlgfige  flood  atabout 
^  of  an  inch.     The  lock  was  ihen  fnapped,  but  no  light 
whatever  wat  perceived  ;  and  the  phenbmennn  was  unifomi, 
every  precaution  being  taken  to  render  the  room  dark,  and  to 
preferve  the  apparatus  in  order. 
Qutftlon.  C.n        IV.  It  is  well  known  that  in  common  cafes  the  fined  fled 
if"ot  fi^ftwhhe"'''*  '''^^  "°^  '"'"'  "''^''  ^  wli''^  'igl't  or  fparks  in  the  almof- 
boc  f  phere,  unlefs  it  have  been  prcvioufly  heated  to  a  degree  much 

above  (hat  of  the  red  heal ;  it  confequently  a(  firfl  view  ap- 
pears extraoritinary,  that  the  particles  fcparated  from  the  gun- 
tlock  Ihould  be  healed  fu  as  to  burn  vividly  in  air,  and  yet  not  fo 
as  to  appear  ignited  in  vacuo;  for  it  is  not  cafy  to  conceive 
that  tliey  emit  light,  which  from  (be  minutenefs  of  their  to- 
Ifitunnnt,         lume  •  cunnot  be  perceived  ;  or  to  fuppofe  lliat  the  opacity  of 
whrtF hutf;."    ^^^  metallic  fubflances  fliould  hinder  light  generated  at  their 
iflTKUof         points  orconlaftfroED  being  vilible.     I  had  formerly  fuppofed, 
in  reafoning  upon  ihe  phenomenon  of  the  collifion  of  flint  and 
flee),  that  t  heat  and  light  might  in  common  inftance<  be  only 
accidentally  coexiflenl;  and  that  in  certain  cafes  very  high 
temperatures  might  be  produced  witliout  caufing  the  appear- 
anoc  of  light.     At  prefent  however  I  am  inclined  to  believe, 
that  the.  phenomena  may  be  adequately  accounted  for  upon 
principles  that  coincide  h  ith  Ihe  common  fafls  relating  to  the 
produflion  and  communication  of  heat. 
IipiiMilon.  Mr-  Slodarl  J    has   lltcwn,    that   when  fieel   is  gradually 

Oiidition  It  heated  it  begins  to  change  colour  at  about  MO"  Fahrenheit, 
Mow  iinitioo,  ^^^  ^'*  change  of  colour  is  occafioned  by  its  combination 
o)»r  lievelape  with  oxigen,  and,  a-;  tliere  i.i  every  reafon  to  believe,  mnft 
^hJ'^USa-  ^  connected  with  the  evolution  of  heal.  At  about  600*.  a 
ti  off,  inj  majf  temperature  much  below  that  of  ignition,  it  oxidates  rapidly, 
tonBuftio"  ""^  becomes  covered  with  a  bluiHigrey  coaling.  And  though 
in  thefe  cafes  of  oxidation  the  heat  evolved  at  the  (mfkaajoi 


L 


*  Or  the  Ihort  time  of  iu  cmiflion.— N. 

+  Nicholfons  Journal,  tto.  Vol.  III.  p.  517. 

J  Nicholfon'a  joUToat,  *to,  Vol.  IV.  p.  130. 
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the  meial  is  cot  fufEcienl  to  raife  (he  temperalure  of  fled  wire, 

<iral1i:el  plate,  foastocaafe  il  to  enter  intn  ihe  vivid  c-ombiif- 

Uon,  yet  in  afling  upon  fuch  a  minule  filament  a*  thai  ftruck 

off  in  the  gimlock,  it  may  be  fufficicnt  to  keep  up  the  procffs  in  "ft  thefur- 

«f  oxidation  till  it  becomes  fo  vivid  as  to  occafion  the  llrongeft  [*'„Vp''par, 

heatsndhght.     Befides,  the  furfacc  of  this  filament  is  verj  tiun  totJiimjfi. 

great  at  compared  with  its  bulk,  and  the  oxide  produced  upon 

it  is  lefa  likely  to  Ibrm  a  coat  which  might  defend  the  interior 

parts  from  iheaflion  oflheair  *, 

It  would  not  bu  difficult  to  find  many  analogous  iiinance«,  Oih« Infijntei, 
in  which  the  progrels  of  oxidation  is  dependent  upon  the  m^r^llMP^J^ 
of  the  combuftible  body,  or  rather  upon  llie  relation  of  this  fi™  in  imtu 
mafs  to  furfacej  thm,  a  very  thin  and  fniall  bit  of  phofphorus """'='* 
will  inBame  fpontaneEiiilly,  and  burn  with  the  vivid  light  when 
wrapped  up  in  filjment?  of  fine  cotton ;  whilft  a  thickejr  and 
larger  piece  will  only  (hine  with  the  feable  blue  liglil :  and 
though  a  large  mafs  of  zinc  may  be  melted  in  the  almofphero 
without  inBaming,   a  fmal!  and  thin  {haviF)g  will  burn  vividly 
long  before  it  is  healed  to  the  temperalure  of  fufion. 

V,  In  confidering  the  general  phenomena  of  theproduSion  Not  pmbiMe 
of  heat  and  light,  by  mechanical  meanii,  il  is  ditficult  to  con- '^"^J^^jj^ 
ceive  that  any  confiderable  incr«afe  of  temperature  can  bepro-duccdtiy  j  fii.gli 
daced  on  a  ratlallic  furface  by  a  lingle  collifion  ;  for  the  cor-  "■ 

tlufiing  power  of  the  metah  is  fuch  as  would  fpeedily  caufe 
tlie  heat  to  be  communicated  to  the  contiguous  paibi;  and 
even  in  the  cafe  of  the  abralion  of  minute  particles,  though 
the  time  requited  for  their  fepatation  from  the  mafs  islo  us 
imperceptible,  yet  it  muH  be  fuificienl  to  enable  them  to  give 
t)ul  to  it  a  portion  of  their  heat. 

Tiie bodies  that  become  luminous  by  being  flruck  or  rubbed  l-umimmj  ^. 
together  in  vacuo,  or  in  gafea  that  do  not  contain  oxigen.  Of  ^Ja";"''  ^™* 
Onder  water,   fuch  as  fluate  and  carbonate  of  lime,  filiceout  pWphoreC. 
fionet,  glafs,  fugar,  and  many  of  the  compound  falts,  are"""-  *■>  '"^ 
,  both  electrics  per  Je,  and  phofphorefcenl  fubdances ;  fo  (hat 
the  flafhej  they  produce  are  moft  hkely  occafior.ed,  partly  by 

•  In  turning  very  fine  work  of  [Ie»1  In  the  lathe,  fo  ai  to  afford 
ftivings  or  threads  much  thiontr  than  ODe-ihoufindth  oF  an  inch, 
I  found  tliai  this  metallic  wool  very  readily  caught  fire  at  a  candle, 
and  burned  throughout  in  quantilici  of  a  cubic  inch  or  more :  But 
It  wai  fcarcely  fb  much  oxided  at  to  have  loft  iu  flcidbiji^  after  tkU 
nmbuftion.— N.  ■■«.."-;■     •    »-■.  -  ~   '  '    ,'  . 
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the  eledricity  eftcitcd  oo  their  fuHacet  by  the  tridion,  and 

partly  by  their  phofpliorei'cencey  which  is  geneniJI/  occofioned 

Cafes  of  adual   by  moderate  degrees  of  heet.     It  is  not  however  improbable 

igmdoos  ^^  2„  ^^^  ^^    1,^  j^^  collifioD  of  very  hard  ftony  bodies, 

which  are  bad  condiidors  of  heat,  there  may  be  an  adual  ig- 
.  nition  of  abraded  particles;  and  tlie  fuppofitipn  is  counte- 
nanced by  various  ia6ts.  Mr.  T.  Wedgwood  found  tliat  a 
piece  of  window  glafs,  when  brought  in  contad  with  a  re- 
volving wheel  of  grit«  became  red  hot  at  its  point  of  fndion« 
and  gave  off  luminous  particles  which  were  capable  of  in- 
flaming gunpowder  and  hidrogen  gas  *.  And  we  are  informed 
by  a  late  voyager  f,  that  the  natives  of  Oonalaflika  light  their 
fires  by  (iriking  together  two  pieces  of  quarts,  their  furfiu:es 
being  previoufly  rubbed  with  native  fulphur,  over  dry  grafs* 


VIII. 

D^ftrifiion  qf&  Bltm^pipc  by  Alcohait  kamng  afqfdy  Vaixfe,  toitk 
other  Advaniage$.  Confirmed  by  Mr.  Benjamin  Hookk^ 
Fket  Strett. 

To  Mr.  NICHOLSON. 
SIR, 

Blow- pipe  with  1  HAVE  taken  the  liberty  of  troubling  you  with  a  drawing 
llf 'oM  fll^**  and  defcription  of  the  blaw^pipe  by  alcohol  as  I  make  it,  which 
pcrtiaps  pofleiTes  the  f  >11owing  advantages  over  that  defcribed 
iti  yodf  number  of  September  laft  ;  viz.  Being  farnilhed  with 
a  fafety  valve,  to  prevent  accidents ;  having  only  one  lamp 
(the  wick  of  which  being  pretty  large,  anfwers  both  for  heat- 
*;"Tri]g  thcalcdiol  and  for  affording  a  ftrong  blaft  when  drawn 
.'.  ihfonghit);  and  I  think  fuperiority  as  to  form  and  appear-* 
*  Imce. 

Should  you  efleem  it  worthy  a  place  in  your  valuable  Jour- 
nal, the  inferlion  will  oblige, 

SIR, 

Your  very  humble  fervant, 
159,'  Flctt  Street,  BENJAMIN  HOOKE. 

Nov.  20,  1 802. 

•  Phil.  Tranf.  1792,  p.  45, 

f  Sauer^s  Account  of  fiillings^s  Expedition  to  the  northem  parU 
ofRuflia,  p.  1S9. 

AU 
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JOIItT    APPtlBP    TO    TUBES,  &C.  {07 

A  is  a  hollow  fphere  *  for  containing  alcohol,  refttng  upon  DeCcrlptioa. 
a  fhoulder  in  the  ring  O,  Plate  V. 

fi  is  a  bent  tube  with  a  jet  at  the  end,  to  convey  the  alcohol 
in  the  (late  of  vapour  into  the  flame  at  Q,  thii  tube  is  conti- 
nued in  the  infidc  up  to  C,  which  admits  of  A  being  filled 
nearly,  without  any  alcohol  running  over. 

D  is  a  fafiety  valve,  the  preflTure  of  which  is  determined  at 
pleafure,  by  fcrevving  higher  or  lower  on  the  pillar  £,  the  two 
milled  nuts  Fand  G  carrying  the  flcel  arm  H,  which  reds  on 
the  valve. 

I  is  an  opening  for  putting  in  the  alcohol. 

K  is  the  lamp,  which  adjufts  to  difierent  difiances  from  A, 
by  Aiding  up  or  down  the  two  pillars  L.  The  diiiance  of  the 
flame  Q  from  the  jet,  is  regulated  by  the  pipe  which  holds  the 
wick  being  a  little  removed  from  tlie  centre  of  thebrafs  piece 
M,  and  of  courfe  revolving  in  a  circle. 

N  the  maliogany  (land. 

■    _^ t, 

IX. 

Dejbription  qf  a  Joint  applied  to  Tube$  wfidjor  conveying  iSftftfiM 
wider  confiderabh  Preffure,     W.  N, 

J.  HE  valuable  communication  of  my  correfpondent -N.  NvReooHcaioaof 
in  the  laft  number,  has  fixed  my  recolledion  upon  feveral  parts^^"*  ippantw. 
of  my  hydraulic  and  pneumatic  apparatus,  in  which.  Chough 
they  may  be  called  bagatelles  as  far  as  relates  to  the  magniCudff 
of  the  inventive  powers  required  to  make  them,  yet  their  utility 
may  be  fuch  as  in  many  indances  to  prevent  lefs  digiMe  con* 
trivances  finom  being  adopted. 

In  the  firll  place,  I  find  among  fome  brafs  work  the  inge-  Early  mTentlon 
nious  joint,  Pbte  II.  Fig.  2,  lately  contrived  by  himfelf,  tndJ^»*J^^ 
before  him  by  Mr.  Webfter,  but  in  this  cafe  certainly  maderacus. 
many  years  ago  by  fome  unknown  mechanic.     My  piece, 
whicii  is  for  fpouting  fluids,  is  prevented  firom  being  driven 
afunder  by  a  wire  that  paflfes  through  its  axis,  and  has  a  fmall 
nut  and  waflier  fiMiied  with  leather. 


•  If  the  bottom  is  made  flat  iofteid  of  fphcrical,  tbt  aftion  of  eke 
flame  will  diea  be  greater. 


Ar:n\itti  jiini  Tlic  apparatus  of  which  I  have  given  b  drawing  and  fuflion 
*"  """"S  ""'"■  in  I'lale  Vn.  wa.  made  for  conveying  fteam  ffom  a  boiler  to 
•  •  the  fleam  engiee,  and  for  mmny  otlier  philofophical  purpofct, 

^m  in  wliic-h  ihh  agent  a  very  ufHu!,  though  hitherto  not  much 

^L  applied  [oot^efttoF'lhit  nature.  A<  I  have  found  il  xerycani- 

^^^K»  nndiotK,  I  fliDuld  not  be  difpofed  to  make  any  remarks  on  lt>« 
^^^^^B  contrivance  iifelF,  if  its  rFfeoiblince  to  fo  many  things  thai  I 
^^^^^m  have  ic<^n,  both  >n  organization  and  efTt-fl,  did  not  make  it 
^^^^^1  proper lu  lay,  that  I  fliould  have  let  it  pafs  unpublilhed  (among 
^^^^^^H  ibc  maiw  arrangements,  whether  old  or  new,  which  every 
I^^I^^B  practical  mechanic  finds  hi  mfelf  induced  to  adopt  in  his  opera- 
'  lions}  had  not  the  conHdcTation  of  utility  made  me  fuppofe  it 

might  prove  acceptable. 
Dii;nt..tloii.    A      In  Fig.  I,  2,  and  3,  the  fame  letters  of  iJie  alphabet  denote 
^j^^hj^nj,  the  fame  things;  Fig   1  exhibiting  a  view.  Fig.  2  a  feclion, 
-,a  th=  iBbei,      and  Fig.  3  the  plan  ol  Tome  of  the  parli.     The  letter  e  Ihews 
l".h'tri:?t«''."dP"'  °^  ^"  upright  lube  conveying  fleam  from  the  boiler  into 
■  iitL  Tpiing.      (lie  bod^  of  ihc  cock  c  by  its  hollow  cone  m,  which  i»  open 
beneath  andclofed  above,  and  has  a  fide  aperture  n  coromuni" 
eating,  when  duly  placed,  with  (lie  pipe  At,    The  cone  is 
ptefled  into  its  place  b)  the  cap  b  fcrewcd  on  the  bixly  of 
(he  cocL  c  ai  I .     The  cap  does  not  prefs  immediately  upon  the 
upper  furface  or  (houlder  uf  (he  cone,  becaufe  the  motion 
would  in  that  cafe  be  hard  and  uncertain  ;  bgl  it  afis  by  the 
intervention  of  a  fpring  u  in  the  Iliape  of  a  difli  or  Oightly  con- 
cave place,  which   keeps  it  lo  its   bearing   with  any  rd^uired 
degree  of  prelfure  accordingly  as  the  cap  is  more  or  left  fciew- 
ed  down,  and  always  with  a  mofl  fmoolh  and  pleatant a£)ioa 
nitlHMit  the  lead  jerk  or  obilacle.     The  cock  i$  turned  by  the 
wooden  handle  or  lever  a,  and  is  very  fecure  on  account  of 
the  Urge  furface  of  the  convex  and  concave  cones  which  re- 
mains imperforated. 

The  pipe  between  A  and  i  Is  conne^ed  by  a  jmnt,  in  which 
^  is  a  luofe  cap  milled  on  the  outtide,  and  having  a  concave 
fcrcw  on  its  inner  furface.  It  is  fcrewed  upon  the  fixed  piece 
f,  which  is  turned  to  6t  it :  In  Ihi^  lad  piece  is  a  cylindric 
concavity  furrounding  the  orifice  of  the  pipe  A  (fee/.  Fig.  3), 
into  which  the  piece  p,  at  the  extremity  of  the  pipe  i,  loofely 
fit*.  Upon  the  circular  face  ofi  are  turned  three  or  four  grooves, 
.md  the  like  on  the  correfpondent  face  off.  Thefe  arc  of  ufe 
to  feciirc  a  fmal!  piece  of  lallowct!!  linen  cloth  pal  between 
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them  when  applied  together.  Laftly*  there  is  a  di(h  fpring  o 
between  p  and  g.  When  g  (which  flidet  loofely  apon  the 
pipe  ij  U  fere  wed  upon  /,  it  predes  p  by  the  intervention  of 
the  fUflTdifli  fpring  agamft  the  interior  of^  and  makes  a  fecore 
jttndion ;  but  the  pipe  f ,  reprefented  in  Fig«  1  as  pendant*  or 
in  a  vertical  pofition,  may  be  moved  round  iii  the  lame  plane 
to  any  elevation  or  depreffion  whatever. 

The  cap  d  being  fcrewed  on  die  body  of  the  cock  at  t,  con- 
Ait  utes  a  joint  of  the  fame  kind,  by  means  of  which  the  pipe  i 
may  be  moved  into  any  horixontal  pofition :  Conieqnently,  by 
thcfa  two  motions,  that  pipe  may  be  placed  in  every  pcffible 
fituation. 

If  we  fuppofe  the  pipe  i  that  proceeds  immediately  from  the 
cock*  to  be  of  confiderable  length,  as  for  convenience  it  is 
requirod  to  be*  its  poffibie  changes  of  poiition  will  not  be  fuf- 
ficienttoadapt  it  to  the  ufual  operative  purpofes.  it  may  there- 
fore, in  feveral  cafes*  be  convenient  to  apply  two  other  iiroilar 
joints  k  and  /  at  right  angles  with  each  other,  by  means  of 
which  it  will  be  immediately  feen,  that  the  exterior  pipe  w 
may  be  placed  in  any  required  dire^ion,  not  merely  with  re* 
gard  to  a  point  immc^liately  above  the  boiler,  but  with  regard 
to  another  moveable  point  at  an  equal  diftance  from  the  fire. 

I  fliall  conclude  this  paper  by  obferving;  that  the  bended  The  aidb  i^'ng 
waflier  or  difli  fpring  is  ufed  in  the  vice  and  fome  other  mecha-  C'Q'^'Jy  rtcom* 
nical  tools,  but  that  it  far  from  being  as  much  uied  as  it  ought 
to  be.  For  there  is  fcarcely  any  adion  of  pinching,  preifing, 
or  binding,  in  which  it  would  not  be  advantageous,  and 
would,  in  many  cafes,  prevent  feripus  jnifchief  and  inconve* 
nieoces. 


X.  Memoir 
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tUing  il  fcnribly,  fo  llial  llie  difTicully  of  not  producing  ft 
iricqualilieK  of  cuivaiure  in  iaige  glafTe^  mull  be  very  great. 
Perhaps  it  is  impoflible  to  avoid  this  imperfcfllon,  but  il  msy 
be  rorrcded ;  and  our  colleague  sfltrms  thai  ihe  rffefl  of  the 
impetfectioni  of  the  four  inleriot  furfiices  of  the  three  glaflet 
Diaj  bedioiinidied  coiifiderably,  by  the  inlroduflion  of  a  dia- 
phanous tloid  between  them,  Expetimenls  alone  can  decide 
the  fact.  We  look  thirefore  an  achromatic  telefcope  three 
fcol  long,  the  aperture  of  which  was  itboul  three  inches.  The 
ti\oIi;nres  compofing  the  ohjcfl  gUf-i,  bring  about  half  an  inch 
ddtoiu  Ironi  each  other,  we  iiiuoduced  between  them  a  thin 
Bohemian  glafs  not  wrought.  In  this  ftatc  it  is  obvious  the 
telefcope  mull  be  very  bad  ,-  and  accordingly,  on  dircSing  it 
to  fome  writing,  we  were  obliged  (o  bring  this  within  eleven 
yards  and  half  ol  il,  to  diAinguilh  the  letters.  Having  then 
pouted  pure  water  between  Ihe  objeft  glalles,  fo  as  to  lill  the 
intervals  between  them,  we  found  Ihe  leLicri  not  more  difficult 
to  be  diftinguiflied  at  the  diHance  of  fixtj-lwo  yard*.  We 
might  have  purlued  our  experimenii  liirther,  but  this  was 
fufiicient  to  eAabliQi  the  principle,  wjiich  was  all  tve  had  in 
view." 
unAe  1  A'  ''■''  ''™^  ^  ^^'^'  orJered  to  B reft,  which  put  aflop  lomy 

rfcaobjia     purfuit.     In  my  memoir   I  had  advanced,  that  the  coufuGon 
lalve  power     '''''"'"g  f'"""  ^^'^  irregularity  of  the  glafi  of  a  lelcfcope,  was  to 
the  ininpgfcd the  confulion  which  takes  place  when  the  gbfs  is  immerfed  in 
"li*""*!!^    a  fluid,  aa  the  refraaion  of  the  glafs  h  to  the  difference  ol 
11  of  [he  gild,  refraction  between  the  gUfi  and  tho  fluid:  confequently,  if 
the  fluid  have  the  fame  rcfraAive  power  as  theglafs,  noalteia- 
itei  nJuni    tion  jn  the  diftincliicf^  of  the  objed  wili  be  perceptible ;  but  if 
!  tnnrufiwi  to  tiig  g]jfj  i)g  immerfed  in    water,  tlie  cont'ufion  will  be  about  a 
'      feventh  only  of  what  would  have  taken  place,  had  the  objeA 
been  feen  di redly  through  the  Irregular  glafs.     This  calcttla- 
tion,  it  ii  true,  fuppofcs  the  glafs  lo  be  in  perfect  conlafl  with 
the  fluid  i  but  there  are  obvioully  many  caufes  by  which  this 
conlafl  may  be  influenced.     It  may  have  been  owing  lo  fome 
I  oil,  tbtiu|h    fucli  caufc,  that  oil,  Ihe  relrjfiiv'C  power  of  which  difiers  left 
moStt'nf     '^^"'"  ^''*'  °^  S^^^'  *"  found  by  experiment  not  to  anfwer  (b 
i(,,  doei  noi    well  as  water;  for  writing,  which  was  legible  at  the  diflatice 
luce  il  fo        ^f  J  30  j-^L  ^„|,e„  water  was  employed,  could  be  read  only  at 
eighty-eight  feet  when  oil  was  interpufed  between  the  glades  " . 
*  On  this  rubjeft,  t9f  PhilaT.  Jouroal,.  4to,  JII,  QOO, 
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B^  Ihe  Regillers  of  the  AcadLtny  of  Sciences,  January  the  Cnwloup  uTU 
6ih,   1788,  it  appears,  that  Grattloup  adopted  the  (ntne  me-  ^^  juift,,    "  ' 
thod.     He  did  iiot  make  ufe  of  a  fluid  inlerpofed  between  the 
glaffes,  however,  but  of  niaflic.     Tliis  fubftance  had  long  been 
in  ufe  among  jevvdkrs,  for  cementing  lugelher  lloiici,  which  • 

it  did  in  fuch  a  way,  tliaC  it  was  fcarcely  polSble  to  dillinguilta 
the  (wo  To  united  from  a  lingle  flone;  and  hence  Grateloup 
conceived,  it  would  render  hii  ubjed  glalTes  as  it  were  one 
folid  piece,  without  being  liable  to  evaporation  iilte  ailuid, 
while  it  correded  the  errors  of  iheir  interior  furfaces.  GlajTcsBut  (haagc  ot 
cemented  logeihet  with  maflic,  however,  do  not  anfwer,  at  in™??*f""'- 
Icalt  for  fea  voyages,  as  chajige  of  temperature,  and  tlie  fea  IdJuic  oiaftic. 
air,  afTefl  the  maltic  very  much.     On  this  account  I  have  pre*  Rcfin  thiteFan 
(erred  refin,  and  even  turpentine  the  moft  fluid  and  Iranfparent  P'^""^**'  w 

r  r  lurpcnunc, 

I  could  get.     Chemifis  perhaps  may  find  fubitances  jlill  pte<' 
ftrable  to  thefe,  and  it  is  an  objeft  certainly  worthy  their  at- 
tention.    Dr.  Blair  tried  agreat  number  of  folutionsof  metalsDi- Blilr  tried 
and  femimelals,  and   he  fays,   lliat  certain   fails,  PWticularly  "^'^'^^'_  ^.^    ] 
lal  ammoniac  diflblved  in  water,  give  it  a  coniiderable  power  ftin,  ind  oii'    ] 
of  difperlion.     The  oxigenaled  murialic  acid,  too,  poflefles*""*.^  """"•'•  | 
thii  quality  in  a  great  <Jegree ;  but  butter  uf  antimoDy  bos  a  fldcTibie  pa«nt 
fiill  greater  effea,  for  one  prifm  of  this  is  equal  to  three  o*""^*'*"*"*,   | 
crown  glafs  of  fimilar  dimenlion^.     Dr.  Blair  conlirudud  an  antiniQiij  hid 
ubje£l  glats  with  crown  glafs  and  butter  of  antimony,  but  be"')' oiorcj  bat  { 
obfcrved,   that   it   occalioned   irradiations,   which  led  him   to  jn-jjij,tipp°         1 
preler  oil  of  turpentine  or  other  eifcnlial  oils  *.  whenct  he  pre-  I 

The  ufe  of  achromatic  glalTes  applied  to  graduate  circles  or  ™^    ' 
fegments  of  circles  fur  meafuring  angles,  and  the  defeats  to  J 

which  indruments  of  this  kind  are  liable,  may  be  pafled  over  J 

as  not  to  the  prefenl  purpofe,  which  is  the  beft  mode  of  mc»-  I 

luring  very  fmall  angles.  ] 

itutfon,  who  had   paid  fomc  allention   lo  the  formation  ofBuffun  fuf-  I 

rock  cryltals,  finding  no  indication  ol*  a  double  refraaion  in  Ujc  ^^^^f^  ^f„Q,^  ' 
experiments   which  I  made  on  that  of  MadagaTcaf,  in  1770,  orthe  lockcryr. 
thought  this  tcanfparent  quarter  tu  be  of  a  diliWient  nature  tiom  '^  of  M»ii«g"(- 
the  other  cryliols ;  but  before  be  made  up  his  m'md  on  the  fub-  bccaotiil>Mk*4r  ' 
je&,  he  defired  me  to  examine  it  afrelli  with  a  view  to  this 
property. 

•  An  ample  ■bridgcmenc  of  Dr.  Blair't  paper  it  givn,  Phil< 
jMiraal,  tto,  1.  1> 

Vot.  IV.— Fbbbvxkv.  I  U 
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Becciffi  pub-         It  maj  nol  be  inoproper  here  to  give  a  brief  abAcad  of  a 

WW k  So^dZ^'*'  "^y  ^"^'  ^^*^'  ^'^'^  Beccaria  publiOied  in  Italian  about 
(cfriftion  of      this  time,  as  I  learned  from  it  the  direction  in  whtcb  it 


^>*»^»  nece(&ry  to  cut  my  prifms^  to  be  certain  of  obtaining  the  ef- 

Hoygeos  mif-  fe€ts  I  fonght.  Haygens,  fkyt  Beccaria,  who  treats  very  fiiUy 
^^htS^^  m  the  doable  refradion  of  Iceland  cryftal,  adds,  that  rock 
Intguiu }  "cpyilal  pofleifes  the  fiime  property,  but  in  a  lefs  fenGblo  degree. 
at  it  uniformly  1  faw  that  the  lefra^'on  which  Huygens  calls  irregular,  bears 
L^cud  ftnut'  ^  conilant  relation  in  the  Iceland  cryftal  to  its  internal  (Iruc- 
tiitre  of  the  ture ;  for  the  efied  of  this  refradion  is  to  divert  the  lays  in  the 
^^^  diredion  of  the  faliant  angles,  which  are  equal  in  the  whole 

piece,  and  in  each  of  its  component  parts.     From  infpedting 
''  the  figure  of  rock  cryftal,  I  inferred  its  internal  ftrudure.     In 

h&,   1  conftdered  it  as  fimtlar  to  artificial  cryftallizations. 
formed  by  the  aggretation  of  little  himinae  parallel  to  the  faces 
Beccaria  cut      t^f  the  cryftals.     Sufpeding  Huygens  of  inaccuracy  inaifert* 
rd^^ftal  in    ing,  f]^^i  prifms  of  rock  cryftal  had  always  a  double  refradion, 
tifBtj  "    whatever  their  fedtions  were,  I  cut  a  piece  of  rock  cryftal,  of 

a  very  irregular  figure,  in  the  diredhon  of  its  axis,  and  lb  as 
o  divide  two>  of  its  oppofite  faces  into  two  equal  parts*  I 
cut  another  likewife  in  the  direction  of  its  axis,  but  fo  that  the 
iedion  pafTed  through  tlie  fummits  of  two  oppofite  angles.  A 
third  afforded  me  triangular  prifms,  one  of  the  faces  of  which 
was  one  of  the  faces  of  the  cryftal  itfelf,  while  each  of  the  other 
two  faces  terminated  on  one  iidc  at  one  of  the  contiguous  an- 
gles, and  on  the  other  at  the  axis  of  the  cryftal.  A  fourth 
was  divided  into  equilateral  prifms,  two  of  the  faces  of  which 
were  equally  inclined  to  the  axis,  and  the  third  was  parallel 
to  a  plane  continued  through  the  axis.  From  the  obfervations 
whence  he  ob-  'nuide  with  thefe  prifms,  I  obtained  a  very  fimple  law,  of  which 
hwi  fth?*'*  Newton  fays  nothing,  and  the  contrary  of  which  is  advanced 
refeidion.  by  Huygens.  1 .  That  the  double  refra^ion  does  not  fubfift 
in"  all  the  different  prifms  that  may  be  cut  from  rock  cryflal, 
12.  That  the  ray  of  light  which  traverfcs  lock  cryftal  in  a  place 
perpendicular  to  the  axis  undergoes  two  rofradtions,  is  divided 
into  two,  and  gives  two  images,  if  not  completely  yetfenftUy 
diftin^.  3,  That  this  diftindnefs  of >  the  two  images  dimi- 
nifhes  in  proportion  as  the  dircdion  of  the  ray  approaches  .to 
that  of  the  axis  of  the  cryfial.  4.  That  the  double  refradlion 
smd*  difperfion  of  the  two  images  ceafe  entirely,  when  the 
dire^on  of  the  ray  is  parallel  to  the  axis,  or-neaely  panUel  to 

it. 
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it.     Hence  it  follows,  that  in  cutting  a  lens  of  rock  cryftd  ^^  J?^"^"S?? 
optical  purpofes  we  muft  take  pieces  parallel  to  the  bafe  of  ^Qgi^  i^  ^  41. 
the  cryftal,  fo  that  the  axis  of  the  lens  coinddes  with  that  ofn^eaoiUM 
the  cryMi,  or  is  at  leaft  parallel  to  it.     Thus  far  Beccaria. 

When  we  would  apply  to  pradice  this  properly  in  rock  Aprifinofrock 
cry  ftal  of  doubling  the  images  of  olgeAi,  the  colours  that  arife  ^^^^^  ^ 
from  the  prifmatic  figure  neceflkry  to  be  given  to  it  muft  be  of  giaft  i 
correOed  by  a  glafs  prifm^  or  the  images  will  not  appear  well 
defined.     Thefe  two  prifms  united  together  may  be  called  a  the  two  fomuiif 
double  r^aaing  achramalie  medium,  but  in  thi*»  fbite  it  can  i"'*^^^^f'" 
ferve  only  to  meafure  the  fmall  angle  given  by  the  double  re-  mtdhm. 
fraction  :  yet  it  is  eafy  to  conceive,  that  on  applying  two  inftrmneat  for 
double  refracting  mediums  one  on  the  other,  we  may  vary  the  "Mfunng  fmall 
e!fe&  of  the  double  refradion  at  pleafure  by  a  circular  move-  of  two  of  thefe  ^ 
ment,  as  in  the  infh-ument  for  meafuring  colours  which  I  laid  mediums. 
before  the  Academy.     Thus  this  double  refra6tion,  which  has 
been  deemed  detrimental  to  the  confiruflion  of  optical  inflnN 
ments,  is  in  fa6t  advantageous  for  the  menfuratio.n  of  fmall 
angles,  as  I  convinced  the  Academy,  February  the  25  th, 
i777,  by  an  inflrument  conflroded  on  this  principle.  Which 
gave  the  meafure  of  fmall  angles  with  a  degree  of  precifion, 
for  which  we  could  fcarcely  have  hoped.     This  inflrument,  iti  dfeM« 
however,  had  the  inconvenience  of  giving  four  images  of  one 
object,  which  occafioned  a  coniiderable  Ibfs  of  light ;  and  the 
lefs  light  we  have,  tiie'  lefs  the  accuracy  with  which  the  point 
of  contact  can  be  obferved. 

Endeavouring  to  remedy  this  imperfe6tion,  I  foon  difco-  Thjiremedki 
vered  a  more  fimple  confhu^on  for  the  inflrument,  which  I  ^7  jfi««<«« 

^  *  inc<iium>  made 

laid  before  the  Academy  the  fame  year.  In  this  only  one  movable  along 
double  refiraCHng  achromatic  medium  is  required,  which  is«^^«f  di 
made  to  move  along  the  infide  of  any  telefcope  in  the  axis  of 
the  object  glafs.  The  value  of  the  double  refraCUon  is  firfl  to 
be  determined  by  experiment,  as  in  the  former  micrometer, 
the  achromatic  medium  being  placed  againil  the  objcQ  glafs. 
It  is  then  to  be  moved  from  the  object  glafs  toward  the  eye 
ghfs.  The  angle  of  the  double- refradlon  will  now  be  what 
it  was  in  the  former  fitaation;  but  the  feparation  of  the  images 
will  be  in  the  ratio  that  the  dSfbnce  of  the  refra6tive  medium 
from  the  focus  bears  to  the  fbcal  diflance.  Suppofc  for  ex* 
ample  the  double  refraftion  to  be  twenty-one  minutes,  and  the 
fbctJ  diftanee  of  the  objeft  glafs  to  be  three  metres:  if  the 

Is  achcov&alvc 
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achromaiic  medium  be  brought  nearer  by  two  tliirda  of  tbb 
difbuice,  the  double  refradion  will  occaiion  only  a  feparatioii 
Mode  of  uiuig  of  feven  minutes  between  the  images.  Thus  if  we  would 
cbtt  micrometer,  meafnre  the  diameter  of  an  objed,  we  muft  move  the  achro- 
matic medium  toward  the  focus,  till  the  two  images  of  the 
objed  are  feen  precifelj  in  contad ;  when,  having  the  angle 
of  double  refradion  given,  by  previous  experiment,  the  focal 
diibnce  of  tlie  objed  glafs,  amd  the  diliance  of  the  achromatic 
medium  from  the  focAis,  the  diameter  will  be  given  by  the  rule 
of  proportion.  It  is  obvious,  that  great  care  muft  be  taken  in 
determining  the  angle  of  double  refradion  at  firft  with  preci- 
fion,  as  on  this  will  depend  the  accuracy  of  all  fubfequent 
meafures  with  the  indrument. 

Having  thus  improved  the  conftrndion  of  this  micrometer, 
1  found  that  the  glafs  prifms,  intended  to  corred  the  difper- 
fion  of  the  prifm  of  rock  cryfial,  left  a  refradicm  more  and 
more  perceptible  in  proportion  as  the  double  refirading  medium 
TheinftmmeAt  was  carried  farther  from  the  eye  glals.     I  then  availed  myfelf 
^^^  ir*  A     ^^  fieccaria's  difcovery,  and  cut  my  two  prilins  fo  that  the  firfi 
tvpoprifina  of     was  in  the  diredion  of  the  double  refiradion,  and  the  fecond 
lock  cryftal  cot  ia  that  in  which  the  double  refiradion  is  not  perceptible :  by 
TT'^Sm.       ~    ^(^  means  I  had  a  double  refrading  medium  abfolateiy  ex- 
empt from  colours  and  refradions.     I  did  not  (lop  here,  for  I 
The  cflica  of     was  defirous  of  extending  the  efied  of  the  double  refradions 
the  4ooble  re-     fo  at  to  meafure  the  diameter  of  the  fun ;  and  I  aca»npIiQied 
y^^  this,  which  appeared  to  exceed  the  known  power  of  the  dou- 

ble refradion  of  rock  cryftal,    which  does  not  go  beyond 
twenty  minutes,  when  it  is  cut  in  the  moil  advantageous  prif- 
hf  laeaBt  of       matic  ftiape.     For  this  I  employed  two  equal  prifins,  cut  in 
^1'?^°*'  the  diredion  mod  fuitable  to  my  purpofe ;  and  on  placing 

*  tliem  in  oppolitc  diredions  I  found,  that  the  double  refradion 

was  not  perceptible ;   but  on  reveriing  their  diredions  the 
double  refradion  of  each  prifm  was  nearly  doubled,  fo  that  1 
obtained  two  images  feparated  by  an  interval  of  forty  minutes. 
Thitin(braiiieot     J  ought  not  to  omit,  that  in  this  new  conftrudion  there  are 
^iOcttlt  to  exe-  ^iigiculties  of  execution  not  eafy  to  furmonnt,  which  may  have 
been  one  reafon  why  thefe  infiruments,  (o  ufeful  to  navigators 
and  in  certain  very  nice  agronomical  obfervations,  have  not 
Hence  the  au.    been  adopted.     This  induced  me  at  length  to  adopt  Euler't 
lltTl  hklifcifS  method.     In   the  conftrudion  of  achromaUc  objed  glaiTes  I 
£ilcr*tmetliod.  found  I  could  increafe  or  diminilh  the  abfolute  effed  of  the 
Xfftaoftkz  ^  double 
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double  refraction  within  certain  limits^  by  means  of  the  inter-  double  refnc- 
val  between  the  glafTcs  of  differing  refracting  powers  :  the  5*o°  Jna«*^f <>  ky 
leparation  of  the  images  at  the  focus  being  lo  much   the  jot^rval  Wmctii 
greater,  as  the  interval  is  larger,  when  the  flint  glafs  is  the  ^*»«  objea 
£r(l  of  the  objed  glalTes ;  and  lefs,  when  it  is  the  fecond.  fl)n/g]ifs  it 

Conformably  to  thefe  new  principles  I  have  had  two  tele-  fir<(»  the  le- 
fcopes  with  a  double  refrading  medium  conflrudted  under  my  ^^  fc^nd!  ^ 
own  infpedion,  which  General  Gantheaume  will  employ  for 
determining  the  pofition  of  his  (hips,  and  to  find  whether  he 
be  approaching  any  he  may  meet  with  at  fea  *• 

The  ufes  of  an  inflrument  for  meafuring  very  fmall  angles 
with  precidon  are  too  well  known  for  me  to  defcribe  its  ad- 
vantages.    The  officers  of  the  Englilh  navy  are  fo  fully  aware 
of  them,  that  they  have  ufed  for  fome  years  Ramfden's  eye  Defede  of 
glafs  micrometer,  though  this  anfwers  the  end  but  imperfedly,  ^^^^J^J^ 
becaufe  it  does  not  give  the  meafure  of  the  angle,  and  becaufe  ter. 
of  the  bad  effedt  of  tlie  parallax  produced  by  the  decuflation  of 
the  rays  that  enter  the  eye.     This  defedt  is  more  fcnfible  in 
Ramfden's  eye  glafs  micrometer  than  in  Bouguer's  heliomeler. 
The  officers  who  have  compared  my  inflrument  with  Ramf- 
den's,  of  which  there  were  feveral  on  board  the  Spanifh  fbips 
with  our  Bred  fleet,  agree  that  the  celebrated  Englifh  arlifl 
has  very  imperfedtly  accompliflied  the  objed  he  propofed  ;  and 
Bouguer's  heliometer  could  unqueflionably  be  preferable.  forBoogoa 
naval  ufe,  becaufe  it  has  a  lefs  fenflble  parallax,  and  gives  the  ^"j^ 
meafure  of  fmall  angles,  fo  important  for  determining  the  dif- 
tances  of  (hips  from  their  known  dimenfions. 

Table  qf  the  proportions  which  the  magnitude  qf  an  objeB  hears 
to  its  dijiance :  calculated  according  to  the  rule,  xMch  is  eafify 
demonft rated,  that,  in  everif  right  angled  triangle,  thf  tangent  is 
to  tlie  radiuf  as  tlie  magnitude  of  an  dffcd  is  to  its  diftanccfrom 
the  centre  of  the  eye,  when,  under  an  tmgk  known,  the  dijlancf 
forms  a  right  angled  triangle  with  the  obje^» 

*  The  General  has  made  an  advantageous  report  of  this  inflru- 
ment, in  his  account  of  the  chace  of  the  Swiftfure,  which  be  cap- 
tured.   This  inflniment  is  fo  difiBcult  to  execute,  that  I  know  only 
one  perfon,  Citizen  Narci,  who  is  capable  of  giving  rock  cryftal  00I7  oac  peribii 
the  prifmatic  form  in  the  proper  direction  for  obtaining  the  double  J^^  fboai  cipa- 
refmdlioos  neceifary  to  the  goodnefs  of  the  micrometer.    He  has  Jhh  mSToiMttt* 
made  feveral,  which  have  given  me  perfe^  (atisfaftion. 

EXAMPLE. 
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EXAMPLE. 

Ocatnl  haonh  Suppofe  the  angle  be  meafured  under  which  we  percehre 
2J|2^^**  an  objea  of  the  magnitude  of  one  toife,  placed  yer^*calf  j  fo 
as  to  reprefent  the  tangent,  the  radius  of  which  is  the  diftance 
from  the  eye ;  if  this  angle  be  of  SO'  we  (hall  have  the  follow- 
ing proportion  :  the  tangent  of  SO'  is  to  the  radius,  as  one 
toife  is  to  the  diftance.  By  the  tables  of  logarithms  we  (hall 
have  this  diftance  by  fubtra6Ung  from  the  logarithm  of  the  co- 
fine  the  logarithm  of  the  tangent  of  SO',  which  is  7.940858  : 
the  logarithm  refulting  from  this  fubtradion  is  2.059142 ;  and 
the  number  anfwering  to  this  logarithm  is  1 1 4.6  nearly ;  con- 
fequently  the  diftance  from  the  eye  to  the  obje6l,  the  magni- 
tude  of  which  is  fuppofed  to  be  one  toife,  is  114  toifes  fix 
tenths ;  but  in  the  ufe  of  the  inftrument  fraflions  may  be  neg- 
ieoed. 

It  is  proper  to  obferve,  that  in  meafuring  fmall  angles  the 
triangle  need  not  be  perfedly  redangular :  the  objed  may  fen« 
fibly  vary  from  the  perpendicular,  without  a  perceptible  dif» 
ler^Dce  in  the  angle. 

QUESTION  I. 

Mode  of  deter-      The  magmtude  of  an  objeSi  being  known,  to  determine  its 

wUmg  hj  the  diftance. 

micrametBr  the  -^ 

diftance  of  ta         For  this  purpofe  the  two  images  of  the  objed  produced  by 

^^Stude'"^^"  the  prifms  are  to  be  brought  into  contaa,  by  moving  the  index 
along  the  axis  that  carries  them.  This  rule  has  two  divifions, 
one  (hewing  the  minutes  and  feconds,  the  other  the  propor- 
tion between  the  diameter  of  the  objed  and  the  diftance. 
Suppofe  the  object  I  look  at  is  a  man  :  the  mean  height  of  a 
man  with  his  hat  on  may  be  eftimated  at  fix  feet.  Having 
difpofed  the  prifms  and  telefcope  fo  that  the  two  images  are 
in  one  vertical  line,  I  move  the  index  till  the  feet  of  the  upper 
image  come  into  conta£t  with  the  fummit  of  the  lower  :  if  i^ow 
the  index  point  at  the  number  344,  I  conclude  that  the  dif- 
tance of  the  man  from  my  eye  is  344  times  fix  ^tQi,  or  344 
toifes.  The  fecond  divifion  will  (hew,  that  the  angle  under 
which  I  fee  the  man  is  10'.  By  this  method  the  meafure  of  a 
diftance  may  unqueftionably  be  obtained  with  great  precifion, 
but  there  are  many  cafes,  in  which  this  great  precifion  is  not 
neceilary. 

Ships, 
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Ships,  buildings  in  which  certain  rules  little  liable  to  varia- 
tion areobferved^  and  thedimeiifions  of  different  animals,  may 
(erve  to  give  this  di fiance.  By  means  of  fuch  objedts  I  have 
of^en  determined  inacceffible  difhinc^  with  tru?y  furpriiing 
celerity,  by  means  of  a  portaUe  telefcope  wifh  prifms,  which 
requires  no  fupport  for  taking  angles.  When  greater  accu- 
racy is  required,  object  of  which  the  diameter  is  well  afeer- 
tained  mufl  be  employed. 

If  lighthoufes  had  on  them  a  drofs  of  fixed  and  known  di^  Craflbofknowa 
meniions,  it  would  thus  be  of  great  ferx'ice  to  navigators :  ^"J^^J^* 
tor  by  the  angle  of  the  perpendicular  piece,  given  by  this  would  be  of 
micrometer,  the  difiance  of  the  (hip  from  the  lighthoufe  would  «^  "J^'T  *• 
be  afcertained  ;  and  by  that  of  the  hortsontal  piece  would  bt       *^°^' 
.    Icnown  the  pofition  of  the  fhip  with  refpeA  to  the  coftfl. 

QUESTION  II. 

The  difttmct  of  an  o^e6i  being  given,  to  determine  its  magmiude. 

This  is  precifely  the  reverfe  of  the  preceding.  The  magmtnde 

of  an  ob}ed  4t* 

QUESTION  III.  SSSLSr 

The  magnitude  and  difiance  qf  an  objeB  being  mnkntmn,  to  deter^  known. 

mine  both. 

Suppofe  the  objedl  makes  an  angle  of  ¥/  with  my  eye ;  as  Method  of  de* 
this  angle  will  increafe  in  regular  proportion  as  the  diftance  is  JJ™{^  ^^ 
diminifhed,  lapproadi  the  objed  till  the  angle  is  41',  a  dtf- diftanoe,  when 
ference  which  will  be  fufBdent  in  ordinary  cafes.     If  I  find  ^^  '^ 
the  difiance  between  the  two  (lations,  on  meafuring  k,  to  be 
#  a  hundred  toifes,  I  fhall  obtain  the  whole  difiance  by  multi- 
plying this  by  the  number  of  minutes  of  the  larger  angle,  and 
dividing  the  produd  by  the  difference  between  the  two  an- 
gles, which  will  giN'e  in  this  inflance  4100  toifes.     The  dif- 
tance  being  thus  obtained,  the  magnitude  of  the  objed  will 
be  found  by  dividing  4100  toifes  by  8Sf ,  the  number  anfwer* 
ingto41';  which  will  give  the  magnitude  forty-nine  toifet 
feven  inches  nearly. 


XI.  Ok/trvoHmn 
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Ohfitrvatzom  on  tkt  two  laUfy  difcottrtd  ed^tid  Bodkt.    By 
William  Hsrscvbl^  LL.  D.  F.  R.  S. 

Tfct  moviaK  fttr  XU  my  early  aocoont  of  the  moving  ftar  difcovered  by  Mr. 

■liauft^'    ^'^  Piazzi,  I  have  already  (hewn  that  it  it  of  a  remarkably  fmaU 
6ze,  deviating  much  from  that  of  all  the  primary  planets  *. 

It  was  not  my  intention  to  reft  (atisfied  with  an  eftimation  of 
the  diameter  of  this  curious  objed^  obtained  by  comparing  it 
with  the  Georgian  planet,  and,  having  now  been  very  fuc- 
cefsfttl  in  the  application  of  the  lucid  diilc  micrometer,  I  (hall 
relate  the.  refult  of  my  inveftigations. 

AaeAtr  iifco-       But  the  very  interefting  difcovcry  of  Dr.  Olbers  having  in- 

O^^tf^  troduced  another  moving  ftar  to  oar  knowledge,  I  have  ex- 

tended my  refearches  to  the  magnitude,  and  phyfical  con- 
ftrudion,  of  that  alfo.  Its  very  particular  nature,  which, 
from  the  obfervations  I  (hall  relate,  appears  to  be  rather  co* 
metary  than  planetary,  will  poffibly  throw  alfo  confiderable 
light  upon  the  drcnmftances  belonging  to  the  other  celeftial 
body;  and,  by  that  tneans,  enable  us  to  form  feme  judgment 
of  the  nature  of  both  the  two  laft  difcovered  phenomena. 

As  th^'^meafures  I  have  taken  will  oblige  me  to  give  a  refult 
which  muft  appear  extraordinary,  it  will  be  highly  neceflTary 
to  be  particular  in  the  circumftances  of  tbefe  meafures,  and  to 
mention  the  condition  and  powers  pf  the  telefcopes  that  were 
ufed  to  obtain  them* 

Magnitude  of  the  nav  Stars, 

•^hftiratiensoa       ^ril  1,  1802.     Having  placed  a  lucid  difk  at  a  confider- 

wiSruSr*   **«  diftance  from  the  eye,  but  fo  that  I  might  view  it  with 

diik.  .  perfed  diftinflnefs,  I  threw  the  image  of  Mr.  Piazzi^s  ftar, 

7-fcct  rtieftor.  (een  in  a  7-feet  refle6lor,  very  near  it,  in  order  to  hi^ve  the 

prqjefled  piAure  of  the  ftar  and  the  lucid  di(k  (ide  by  (id^, 

that  I  might  afcertain  their  comparative  magnitudes.     I  foon 

perceived  that  the  length  of  my  garden  would  not  allow  me  to 

remove  the  difk-micrometer,  which  muft  be  placed  at  right 

* 

*  By  comparing  its  apparent  dilk  with  that  of  the  Georgian  pla- 
net»  it  was  elHmated,  that  the  real  diameter  of  this  new  ftar  could 
a^l  anoont  to  three-eighths  of  that  of  our  mcon. 

angles 
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cn^es  to  the  telcfcope,  far  enough  to  make  it  appear  no  larger 
than  the  (fair ;  and,  not  having  diflcs  of  a  lefs  diameter  prepared, 
I  placed  the  fmalleft  I  had  as  far  from  me  as  the  fituation  of 
the  (lar  would  allow.  Then,  bringmg  its  image  again  by  the 
iide  of  the  di(k»  and  viewing,  at  the  fame  time,  with  one  eye 
the  magnified  flar,  while  the  other  eye  faw  the  lucid  dilk«  I 
perceived  that  Ceres,  which  is  the  name  the  difcoverer  han 
given  to  the  (lar,  was  hardly  more  than  one  third  of  the  diame- 
ter of  the  difk,  and  certainly  lefs  than  one  half  of  it. 

This  being  repeated,  and  always  appearing  the  fame,  we 
(hall  not  under«rate  the  fize  of  the  (lar,  by  admitting  its  dia- 
meter to  have  been  45  hundredths  of  the  lucid  difk. 

Tlie  power  of  the  telefcope,  very  precifely  afcertained  by  Power  370j4au 
terreflrial  geometrical  meafures  properly  reduced  to  the  focu« 
of  the  mirror  on  the  flars,  was  37 0,42.     The  diflance  of  the 
lucid  difk  from  the  eye,  was  2131  inches ;  and  its  diameter  3,4 
inches.     Hence  we  compute,  that  the  di(k  was  feen  under  an 
angle  of  5'  29^^09 ;  and  Ceres,  when  magnified  370  times^ 
appearing,  as  we  have  (hewn,  45  hundredths  of  that  magni-Diaowter^ffC^ 
iude,  its  real  diameter  could  not  exceed  0'',40.     Had  this  di»>  ^*  ^  '^ 
meter  amounted  to  as  much  as  was  formerly  c(limatij|l^  the 
power  of  370  would  have  made  it  appear  of  G^  10^^,  Wfiich  is    . 
more  than  the  whole  lucid  di(k.  '^l 

This  extraordinary  refult  raifed  in  me  a  fufpicion»  tnat  the 
power  370  of  a  7-feet  telefcope,  and  its  aperture  of  6,3  inchci^ 
might  not  be  fuflkient  to  (hew  the  planet's  feeble  light  pro- 
perly. I  therefore  adapted  my  lO-fieet  infirument  toobfierva- 
tions  with  lucid  difks ;  which  require  a  different  arrangeroeat 
of  the  head  of  the  telefcope  and  finder :  I  alfo  made  ioiae 
fmall  tranfparencies,  to  reprefcnt  the  objed  I  intendcd^io  - 
meafure.  Ijjl 

April  91*     The  night  being  pretty  clear,  though  perhaps  s.  tMenrwim 
not  quite  fo  proper  for  delicate  vifion  as  1  could  have  wifhcd^  '^^T^^fcif'** 
I  directed  my  lO^feet  reflcdor,  with  a  magnifying  power  of  fleaor.  Vomm 
516,54,  alio  afcertained  by  geometrical  terre(lrial  meafures  5' ^»54* 
reduced  to  the  focus  of  the  inflrumeot  on  celefiial  obfedls,  to 
Mr.  Piazzi's  dar,  and  compared  it  with  a  lucid  diik,  placed  at 
1 486  inches  from  the  eye,  and  of  1,4  inch  in  diameter.  I  varied 
the  difiance  of  the  ludd  difk  many  timet;  and  fixed  at  laft  oa 
the  aboveHBeniioned  one,  as  the  bell  I  oeeUfiod.  Tbeie  was, 

hOWCVCfy 


•      . 
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Hisinefi.         however,  a  hazineffl  aboat  the  (lar»  which  refembled  a  bint 
coma;  and  this^  it  may  be  fappofed^  muft  render  the  meafare 
lefs  iatisfaClory  than  if  would  otherwife  have  been. 
Diameter  of  Ce-     From  thefe  data  we  compute,  that  the  diflc  appeared  to  the 
**•  ^"'^^^         natural  ej^  under  an  angle  of  3'  14",33 ;  while  Ceres*  wheh 
magnified  516f  times*  was  feen  by  the  other  eye  of  an  equal 
ihagnitude ;  and  that  confequently  its  veal  diameter*  by  mea^ 
fnrement*  was  only  0*',38. 
3^  Obfenration       April  22.  1 1^  38^  fidereal  time.     I  ufed  now  a  moreperMt 
fer**io-fcf Mel  '™*'^  mirror ;  the  former  one  having  been  injured  by  long 
ieaor^new       Continued  folar  obfervations.     This  gave  roe  the  apparent 
fimU  minor ;      diameters  of  the  fhrs  uncommonly  well  defined ;  to  which, 
perhaps,  the  very  favourable  and  undifiurbed  cleamefs  of  the 
atmofphere  might  contribute  confiderably. 
f&wtrtUfS^i       With  a  magnifying  power  of  881^51,  properly  afeertained^ 
like  thofe  which  have  been  mentioned  before,  I  viewed  Dr. 
Olbers's  ftar,  and  compared  it  with  a  lucid  ilfk  of  1,4  inch  in 
diameter,  placed  at  1514  inches  from  the  eye,  meafured,  like 
M  sWl  the  reft  of  the  diftances,  with  long  deal  rods.    The  ftar  ap. 

peared  to  me  fo  ill  defined,  that,  afcribing  it  to  the  eye-glafi^ 
I  thought  it  not  advifeable  to  compare  the  obje^,  as  it  then 
Power  changtd  appeared,  with  a  well  defined  lucid  difk.     Exchanging  the 
*©  5»^{*  glafs  for  that  which  gives  the  telefcope  a  magnifying  power  of 

FsBtg,  5 16f ,  I  found  Pallas,  as  the  difcoverer  wilhes  to  have  it  called, 

better  defined ;  and  faw,  when  brought  together,  that  it  was 
confiderably  lefs  in  diameter  than  the  lucid  diik. 

In  order  to  produce  an  equality,  I  removed  the  di(k  to 
1942  inches ;  and  ftill  found  Pallas  confiderably  lefs  than  the 
dift. 
imatkr  than  Ce-      Before  T  changed  the  diftance  again,  I  wifhed  to  afccrtain 

whether  Ceres  or  Pallas  would  appear  under  the  largeft  angle, 
efpecially  as  the  air  was  now  more  pure  than  laft  night.  On 
comparing  the  diameter  of  Ceres  with  that  of  the  lucid  diflr,  i 
found  it  certainly  lefs  than  the  difk.  By  proper  attention,  and 
continued  examination,  for  at  leaft  an  hour,  I  judged  it  to  be 
nearly  |  of  the  lucid  difk. 

Then,  if  we  calculate  as  before,  it  appears  by  this  obferva- 
tion, .  in  which  there  is  great  reafon  to  place  confidence,  that 
the  angle  under  which  this  ftar  appeared,  was  only  (/'.92. 
For,  a  hicid  difk  of  l,4rinch  diameter,  at  the  dlRanoe  of  1942 

4  inches. 
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inchesy  would  be  fecn  under  an  angle  of  Of  28",7 ;  tbf  ee  qaar-  ExceUent  refoH 
tc«  of  which  are  I' 5r,BQ.    This  quantity,  divided  by  the^,^/;*'*'^- 
power  516,54,   gives  0^,2159,   or,    as  we  have  given  k 
abridged,  0^,22. 

13^  7^  I  removed  the  micrometer  to  the  greateft  convex 
nient  diftance,  namdy,  2136  inches,  and  ooropaied  Dr. 
Olbers's  ftar,  which,  on  aceoant  of  ite  great  altitade,  I  bw 
now  in  high  perfection,  with  the  lucid  diflc.  It  was,  even  ift 
this  diftance,  lefs  than  the  diameter  of  the  dilk,  in  the  propor- 
tion of  2  to  3. 

When,  by  long  continued  attention,  die  appearance  of  Pallas 
was  reduced  to  its  fmalleil  fize,  I  judged  it  to  bear  no  greater  ^ 

proportion  to  the  diameter  of  the  lucid  diik  of  the  micromister, 
than  as  1  to  2. 

In  confequenoe  of  thefe  meafures,  it  appears  that  the  dia-Diam.  of  Palbi 
meter  of  Pallas,  according  to  the  firft  of  them»  is  (f',\7;  and,^  ''3* 
according  to  the  lafl,  where  the  greateft  poffible  diftindneb 
was  obtained,  only  0^,13« 

If  it  (hould  appear  almoft  incredible  that  thefe  curioas  ob*  Proof  by  the   . 
je6ts  could  give  fo  fmall  an  image,  had  they  been  fo  much  ^JJfrt*  po3w 
magnified  as  has  been  reported,  I  can  fay,  that  curiofity  led  of  the  tekf^pc 
me  to  throw  the  pidure  of  Jupiter,  given  by  the  (ame  teki- ]J"  J^  "  **^ 
fcope  and  magnifying  power,  on  a  wall  at  the  diftance  of  1 3 1 8 
inches,  of  which  it  covered  a  fpace  that  meafored  12  feet  1 1 
inches.     I  do  not  mention  this  as  a  meafure  of  Jupiter,  for  the 
wall  was  not  perfedly  at  right  angles  to  the  telofcope,  on  which 
account  the  projected  image  would  be  a  little  larger  than  it 
fbould  have  been,  nor  was  I  very  attentive  to  other  neceffiiry 
minute  circumdances,  which  would  be  required  for  an  aocQ- 
rate  meafure ;  but  we  fee  at  once,  from  the  fiae  of  this  pi^re, 
that  the  power  of  the  telefcope  exerted  itfelf  to  the  full  of  what 
has  been  ftated. 

As  we  generally  can  judge  befi  of  comparative  magnitudes.  Rough  compu- 
when  the  meafuret  are,  as  it  were,  brought  home  to  us ;  it  will  ^^**"  **1/^*" 
not  be  amifs  to  reduce  them  to  miles.  This,  however,  cannot  bodies  \n  miktt 
be  done  with  great  pracifion,  till  we  are  more  perfe^ly  ac- 
quainted with  the  elements  of  the  oibits  of  thefe  ftart.   Bat,  for 
our  prefent  purpofe,  it  will  be  fufficiently  accurate,  if  we  admit 
their  mean  diftances  from  the  fun,  as  the  molt  recent  informa- 
tion at  prefent  dates  them ;  for  Ceres  2,6024;  and  for  Pallas 
2,8.  The  geocentric  longitada  and  north  latitudes,  at  the  time 
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of  obfenraticm,  were,  for  Ceres,  about  iix  20^  4%  15*  SO'; 
and  for  Pallas,  tijt  23<>  40^,  }7^  30',  With  thefe data,  I  have 
calculated  the  diftances  of  the  iiars  from  the  earth  at  the  time 
of  obfervation,  partly  by  the  ufual  method,  and,  where  the  de- 
ments wcfre  wanting,  by  a  graphical  procefs^  which  is  fvffi* 
ciently  aocorate  for  our  pnrpofe.  My  computed  difiancet  were 
1,654  for  Ceres,  and  1,8333  for  Pallas  ;  and,  by  them  we  find, 
that  the  diameter  of  Ceres,  at  the  mean  diffamce  of  the  earth 

from  the  fim,  would  fubtend  an  angloof  0^,35127  ;  and  that, 
oonfequently,  its  real  diameter  u  161,6  miles. 

It  alfo  follows,  that  Pdbs  would  be  feen,  at  the  fame  dif- 
^"^^^^^^  ^>i><^  ^^^^^"^  the  fun,  under  an  angle  of  0^3I9D  ;  and  that  its 
avicluttof  PaUai^^  diameter,  if  the  largefi  meafure  be  taken,  is  147  miles  ; 
>^7«  iio{  l>ut,  if  we  take  the  moil  diilind  obfervation,  which  gives  the 
^  fmallefi  meafure,  the  angle  under  which  it  would  be  feen  firom 

the  fun,  will  be  only  Qr,2399 ;  and  its  diameter,  no  more  than 

1  lOj.  miles. 

XsamhittiMi  ftr  After  what  has  juft  now  been  (hewn,  with  r^rd  to  the 
fiae  of  thefe  new  flan,  there  can  be  no  great  reafon  to  ex- 
ped  that  they  ihonld  have  any  fatellites.  The  little  quantity 
of  matter  they  cbntain,  would  hardly  be  adequate  to  the  re- 
tention of  a  fecondary  body ;  but,  as  I  have  made  many  ob- 
fervations  with  a  view  to  afcertain  this  point,  it  will  not  be 
amifs  to  relate  them. 

Fd>.  25.  20-feet  refleAor.  There  is  no  fmall  flar  near 
Ceres,  that  could  be  fnppofed  to  be  a  fatellite. 

Feb.  28.'  There  is  no  fmall  flar  within  3  or  4  minutes  of 
Ceres,  that  might  be  taken  for  a  fatellite. 

March  4.  9*.  45'.  (idereal  time.  A  very  fmall  flar,  fouth- 
preceding  Ceres,  may  be  a  fatellite.  See  Plate  V.  Fig.  I. 
where  C  is  Ceres,  Sthe  fuppofed  fatellite,  abcdef,  are  de- 
lineation (lars,  c  and  d  are  very  fmall.  S  makes  nearly  a 
right  angle  with  them  ;  e  is  larger  than  either  c  or  d.  There 
is  an  extremely  faint  Aar^^  between  e  and  d. 

14^.  16^.     Ceres  has  lefl  the  fuppofed  fatellite  behind. 

March  5.  There  are  two  very  fmall  flars,  which  may  be 
fatellites;  fee  Fig.  2.  where  they  are  marked,  ifl  S,  2d  S. 
The  refl,  as  before,  are  delineation  flars. 

March  6.  The  two  fuppofed  fatellites  of  lafl  night  remain 
in  their  fituation,  Ceres  having  left  them  far  behind. 

ia» 
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\0\  la'.    There  is  a  very  fmall  ftar,  like  a  fatellite,  about 
'  76^  foalh-foUowing  Ceres.     See  Fig.  3.    It  it  in  a  line  from 
C  tor  ^  of  laft  night. 

1 1  J..  20'.  Ceres  has  advanced  in  its  orbit ;  but  has  left  tto 
fuppofed  (atellite  behind. 

March  30.  9"".  S5\  A  fuppofed  1ft  fatellite  is  direaiy  fol- 
lowing Ceres  :  il  is  extremely  faint.  A  2d  fuppofed  (atellite 
is  north-fbllowing.  See  Fig.  4.  The  fuppofed  fateUites  are 
fo  fmall,  that,  with  a  20»leet  telefcope,  tliey  require  a  power 
of  300  to  be  feen  ;  and  the  planet  (heuld  be  hidden  behind  a 
thick  wire,  placed  a  little  out  of  the  middle  of  the  field  of 
view,  which  mud  be  left  open  to  look  for  the  fuppofed  &• 
lellites. 

12^  n\  Ceres  has  changed  its  place,  and  left  both  the  fup* 
pofed  (atellites  behind. 

March  31.9^  20'.  There  is  a  very  fmall  flar,  on  the  north* 
pr^eding  fide  of  Ceres,  which  may  be  a  fatellite. 

1 1^  60'.  Ceres  has  moved  forwards  in  its  path ;  but  the 
fuppofed  fatellite  remains  in  its  former  fituationu  The  nearcft 
flar  is  20^'  of  lime  from  Ceres ;  fo  that,  within  a  circle  of  40(' 
of  time,  there  certainly  is  no  fatellite  that  can  be  feco  with 
the  fpace-penetrating  power  of  this  inflrument. 

It  is  evident,  that  when  the  motion  of  a  celelUal  body  is  (b 
confiderfid>le,  wo  need  never  be  long  in  doubt  wh^er  a  finall 
ilar  be  a  fatellite  belonging  to  it,  fince  a  few  hours  mult  do* 
cide  it. 

May  1.12^51'.  I  viewed  Pallas  with  the  20-feet  refledoi; 
power  300 ;  there  was  no  iiar  within  3',  that  could  be  taken 
fur  a  fatellite. 

Of  the  Colour  qf  the  new  Stars. 

Feb.  13.    The  colour  of  Ceres  is  ruddy,  but  not  very  daep.  Ceres  i<  of  • 
April  21.    Ceres  is  much  more  ruddy  than  Pallas.  KjuJSS^' 

April  22.    Paliax  is  of  a  duiky  whitifh  colour. 


Of  the  Appearances  qftfte  new  Stars,  vnlh  regard  to  a  Diflt. 

Feb.  7.     Ceres,  with  a  magnifying  power  of  ^16|»  ibewt  The  diik  of 
an  iU  defined  planetary  dilk,  hardly  to  be  diftij^oiflied  from  ^  **  '^^^^ 
the  furrounding  hazinefs. 

Feb.  13.    Ceres  has  a  vifible  diilk. 
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iLpril  23.    In  viewhig  P^Au,  I  ctnnot,  with  tin  atmoil 
attention^    and  under  the  mod  &vouraUe  prefent  ciicmn- 

iiances,  .perceive  any  (luirp  termi  nation  Mthich  might  denote 

ISRu  is  not  a    a  dii( ;  it  18  rather  what  I  would  call  a  nucleus. 

aife  rather  lefs  than  when  I  fir£  &w  it. 

.  Of  the  Appeanmcei  qf  ike  new  Stars,  vnth  regard  to  an  Aimo^ 

Jphere,  or  Coma* 

Ceres  hat  moft        April  21.     I  viewed  Ceres  for  nearly  an  hour  together. 

■a^Mrfaaps  ***"  There  wat  a  haxinefs  about  it,    refembling  a  faint  coma» 

cfieded  by  the  which  was,  however,  eafily  (o  be  diftinguifhed  from  the  body. 

J^^|J*"J^j^       April  22.  1  fee  the  diflc  of  Ceres  better  defined,  and  fmaller 

hf  the  atmo*      than  I  did  kfl  night.    There  does  not  feeni  to  be  any-  coma  ; 

4p^^0  and  I  am  inclined  to  afcribe  the  appearance  of  laft  night  to  a 

deception,  as  I  now  and  then,  with  long  attention,  (aw  it 

without;  at  which  times  it  was  always  beft  defined,  and 

'  fmaRefl. 

•  Apritl28.  Geres  is  furrounded  with  a  (bong  kanneft. 
Power  550. 

•  WiOf  5  l^f,  which  is  a  better  glafs,  the  breadth  of  thecoma 
beyond  the  difk  may  amount  to  the  extent  of  a  diameter  of 
the  diflc,  which  is  not  very  fharply  defined.  Were  the  whole 
coma  and  fbir  taken  together,  they  would  be  at  lead  three 
times  as  large  as  my  meafure  of  the  ftar.  The  coma  is  very 
denfe  near  the  nucleus ;  but  lofes  itfelf  pretty  abruptly  on  the 
outiide,  though  a  gradual  diminution  is  Rill  very  perceptible. 

•  April  30.  Ceres  has  a  viiible,  but  very  froall  coma  about  it. 
Til  is  cannot  be  fecn  with  low  powers ;  as  the  whole  of  it  to* 
gether  is  not  large  enough,  unlefs  much  magnified,  to  make 
up  a  vifible  quantity. 

.May  .1.  The  diameter  of  the  coma  of  Ceres,  it  about  5 
times  as  large  as  the  dtlk,  or  extends  nearly  2  diameters  be* 
yond  it. 

13**  19'.  20-fcet  reflector ;  power  47  7.  The  difk  of  Ceres 
is  muih  better  defined  than  that  of  Pallas.  The  coma  about 
if  is  c\)niiderable,  but  not  quite  fo  extended  as  that  of  Pallas. 

May  2.  13''  20^.  Ceres  is  better  defined  than  I  have  genci> 
rally  feen  it.  Its  dilk  is  Arongly  marked ;  and,  when  F  fee 
it  befl,  the  hazinefs  about  it  hardly  exceeds  that  of  tbs  ffau^  of 
■A  o^ual  iize. 

Afemorandum, 
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Memorandum.    Tbia  may  b«  owing  to  a  particular  difpofi 
lion  of  the  atmofphore,  which  (hews  all  the  (lars  without 
twinklings  but  not   quite  fo  bright  as  they  appear  at  other 
times.     Jupiter  likewifehas  an  extremely  faint  fcattered  light 
about  it,  which  extends  to  nearly  4  or  5  degrees  in  diameter. 

April  22.  Pallas,  with  a  power  of  881|«  appears  to  be  very  Ptlkt  it  Ul.de*. 
ill  defined.  The  glafs  is  not  in  fault ;  for.  in  the  day  time,  I  ^"^^  nebulous 
can  read  with  it  the  fmallefi  letters  on  a  meCliige  card«  fixed  * 

up  at  a  great  diftance. 

I3|,  17^  The  appearance. of  PaUas  iscometary ;  thadiik,  if 
it  has  any,  being  ill  defined.  When  I  fee  it  to  the  beH  advan- 
tage, it  appears  like  a  much  oomprefled,  extremely  fmall,  but 
ill  defined^  planetary  nebula. 

April  S8.  Pallas  is  very  ill  defined :  no  determined  diikcaa 
be  feen.  The  coma  about  it,  or  rather  the  coma  itfelf,  for  no 
fiar  appears  within  it,  would  cortainly  meafiire.  at  firft  fight, 
4  or  5  times  as  much  as  it  will  do  after  it  has  been  properly 
kept  in  view,  in  order  to  diftinguilh  between  the  hazinefs  ^ 

which  forroands  it,  and  that  pari  which  may  be  called  the 
body. 

May  1 .  Pallas  has  a  very  ill  defined  appearance ;  but  the 
9HrholQ  coma  b  comprefled  into  a  very  fmall  compafi. 

\$^5\     20-fect  refleaor  ;  power  477.     I  fee  Pallas  vrell» 
and  perceiVre  a  vety  fmall  diik,  with  a  coma  of  fooia  extant  very  finsll  4ik. 
about  it,  the  whole  diameter  of  which  may  amount  to  6  or  1 
tfiAet  that  of  the  dilk  alone. 

Mvf  2.  H^  or.  10-feet  lefleaor.  A  fiar  of  exadly  the 
fame  fise,  in  the  finder,  with  Pallaa,  viewed  with  51$|,  has  a 
difierent  appearance.  In  the  centre  of  it  is  a  round  hicid 
point,  whidi  is  not  vifible  in  Pallas.  The  evening  b  uncom* 
monly  calm  and  beautiful.  I  fee  Pallas  better  defined  then  I 
have  feen  it  befooe*  The  coma  is  coDtnfled  into  a  very  nar* 
losr  compafs ;  fo  that  perhapt  it  is  little  more  than  the  cobk^ 
mon  aberration  of  light  of  every  fiaall  fiar.  See  the  memo* 
randumto  theobfervationsofCemsy  May  2. 

On  the  Nature  qfthe  neto  Stars, 

•  ■ 

•   Fmn:  the  account  whidi weihant  now  before  iu»  a  very  Nitart  of  dw 
important  queftion  wattartie,  whidi/ia^  What  are.  theftcoeva  *^  ^*** 
jftars,  are  they  planets,  or  are  they  comets  ?  And,  before  we 

can 
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can  enter  into  a  proper  examination  of  Ibe  fubjed,  it  wilf  be 
neceflary  to  lay  down  fome  definition  of  ibe  meanuig  we  bave 
hitherto  affixcKl  to  the  term  planet.    This  cannot  be  difficult, 

^-_^  fince  we  have  fcven  patterns  to  adjoft  oor  definition  by.     I 

ptaneti.  ihould«  for  inftance,  fay  of  planets^ 

s*  M^i^ode*  I ,  They  are  celeflial  bodies,  of  a  certain  yery  oonfideraUe 
fize. 

a*  Orbit*  nearly     2.  They  move  in  not  very  excentric  elh'pfes  roand  tbefun. 

circular 

3.  Nearly  in  the      ^*  ^^®  planes  of  their  orbits  do  not  deviate  many  degrees 

pi.  ecliptic        from  the  plane  of  the  earth's  orbit. 

4.  Motion  di.         ^^  rjy^^  ^^^j^^  j^  ^j^^^ 


5*  SateUitct  or        5.  Tbcy  may  have  latellites,  or  rings. 
i^tmoT  here        ^'  ^^^Z  ^*^^  ^"  almofphere  of  confiderable  extent,  which 

Boc  exteniive.  however  bears  hardly  any  fenfible  proportion  to  their  dia- 

7-^W»5°"-  meters* 

fiaenoly  aiuo- 

^.  7.  Their  orbits  are  at  certain  confidemUe  difiances  troA 

eomparifon  of    each  Other. 

^I^fc.  (cfpeat*  Now,  if  we  may  judge  of  thefe  new  ftars  by  our  firft  crite* 
rion,  which  is  their  fise,  we  certainly  casroot  claf«  them  in  the 
lift  of  planets :  for,  to  conclude  firom  the  meafures  I  have 
faken^  Mercury,  which  is  the  fmalleft,  if  divided,  would 
make  up  more  than  135  thoufand  fuch  bodies  as  that  of  Pallas, 
in  bulk. 

in  the  fecond  article,  their  motion,*  they  agree  perhaps  fuf* 
ficteatly  well. 

The  third,  which  relates  to  the  fituation  of  their  orbits, 
fee'ms  again  to  point  out  a  confiderable  difference.  The  geo- 
centric latitude  of  Pallas,  at  prcfent,  is  not  lefs  than  between 
17  and  18  degrees;  and  that  of  Ceres  between  15  and  16; 
whereas,  (hat  of  the  planets  does  not  amount  to  one  half  of  that 
quantity.  If  ixKiies  of  this  kind  were  to  be  admitted  into  the 
order  of  planets,  we  (hould  be  obliged  to  give  up  the  aodiac ; 
fbr,  by  extending  it  to  them,  (hould  a  few  more  of  thefe  ftars 
bediicovered,  ft  ill  farther  and  farther  deviating  firom  the  path  of 
the  earth,  which  U  not  unlikely,  we  might  foon  be  obliged  to 
convert  the  whole  tirmament  into  zodiac  |  that  is  to  (ay,  we 
ihould  have  none  left. 

In  the  fourth  article,  which  points  out  tiic  diredton  of  the 
motion,  thefe  flars  agtet  with  the  planets. 

(To  be  continued  in  our  next.} 
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ARTICLE     I. 
Comparative  Exptrinenlt  and  Ob/crraliont  on  Mt/rlk  Wax,  Bta 
Wax,  Spemaceti,  Adipocire,   apd  iht  CryfiaUirte  Matter  qf 
bHiary  Calculi.     In  a  Letttrfrom  Jorv  Bostock,  M.  D. 

To  Mr.  NICHOLSON. 

Literpeol,  Jan.  23,  1803. 
SIR, 

In  the  courfe  of  lafl  fumnicr,  I  was  rcquefted  by  a  friend,  Eaqulir  con.  ' 
who  had  received  from  America  a  quanlily  of  ihe  peculiar  ve-  "^'"^^,"J|  ; 

gclable  matter  called  Myrtle  Wax,  lo  give  him  fomc  inrorma-mynicwv.  J 

tion  rcfpefling  its  naliiru  and  properties,  and  the  probable  ufe                '  I 

to  which  it  might  be  advaiitageoully  applied.     For  this  pur-  I 

pofe  I  examined  feveral  works  on  natural  hijlory  and  chemif-  1 

try,  but  I  could  only  meet  with  a  genetal  account  of  the  1 

method  employed  for  obtaining  it,  with  a  vague  defcriplion  , 

of  its  phyfical  properties.     Refpc^ing  its  chemical  analyfis  I  1 

could  find  nothing  fatisfeflory;  even  the  elaborate  work  of  '  , 
Fourcroy  contains  little  precife  information  on  this  head  *,     I  Scireel; 
*  Fourcroy,  Syftemc  dn  ConnoilTancet  Cbtmiques,  torn.  vii.  q^, 

p.  n39. 
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eXPEKIMEKTS    AND    OBSE: 

ilcfcriiiitipd  ilierefore  tn  esamine  llih  point  more  accntalely, 
and  wiih  thii  intenlion,  the  experimert';  of  which  1  fend  you 
an  abflrafl  were  performed.  Some  olher  fubjcfls  however 
having  al  (hat  lime  occupied  me,  1  had  almoll  forgotten  my 
analjfisofthe  mjrtle  way,  until  in  looking  over  the  l31ftNo. 
of  the  ilrmahi  de  Cliimie,  I  found  that  the  fubjefl  bad  been 
I  Sot  rnD>(  fntly  treated  in  anample  manner  hy  M.  Cadet.  This ci ream flance 
t^***"-  induced  tne  to  recur  lo  raiy  Papers,  in  order  to  compare  my 

experiments  wilh  thofe  of  M.  Cade! ;  when  I  found  that 
tiiuvgli  his  memoir  contains  a  very  complete  arcouut  of  the 
raiural  liiliory  of  the  fubflance,  yel  that  my  chemlt-al  analyfis 
ivai  more  minute.  On  this  account  I  comeive,  thai  if  you 
have  any  intentioD  of  inferling  in  your  Journal  *  a  (randation 
of  M.  Cadet's  efTay,  my  commumcalion  may  prove  a  ufeful 
fupplement. 


I  a 


W 


r  obedient  fervant, 

JOHN  BOSTOCK. 
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Dejiription  and  Anal^  nj  Myrtle  Wax. 
peculiar  fubdance  obtained  from  the  Myrica  Cerilera 


\ 


of  Linnxus  f ,  and  whicli  has  obtained  the  name  of  myrtle 
wax,  !s  a  concrete  body,  of  moderate  hardnefi  and  conlifl- 
ence  ;  it  has  in  part  the  tenacity  of  bees  wax,  though  without 
its  unfluolily  j  along  with  this,  it  alfo  potfelTes,  in  fome  de- 
gree, the  brililenefs  of  tbe  refius.  The  colour  of  the  oiyrlle 
wax  is  a  pale  green ;  the  fliadcs  of  ihe  dlffftent  pieces  are 
however  fomcwhal  varied  ;  in  mofi  of  them,  ihe  green  has  a 
tendency  to  a  dirty  grey  ;  in  others,  it  It.  lighter,  more  tranf- 
part^nl,  and  of  a  yellowifh  tinge.  Il-*  fpccilic  gravity  is  about 
1,0150,  water  being  1,0000,  and  while  bees  wax,  9600.  It 
is  fufeJ  at  a  temperature  of  E09';  by  fuHicienily  increafing 
the  heat,  it  burns  with  a  peculiarly  clear,  white  flame,  pro- 
duces little  fmoke,  and  during  thccoinbuHiun  emits  an  agree- 
able aromatic  odor, 
1  The  following  are  its  habitudes  with  (he  different  re-jgenL=. 
I .  Water  has  no  a^ion  upon  tiie  myrtle  wa 
cold  or  al  the  boiling  heat. 


«  The  readei  nil)  tinij  it  i»  the  prcfent  Nui 

t  Maityn'i  cUition  of  MilUr't  Diciionuy. 
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On  myrtle  wax,  bbes  wax,  S:c; 

2.  Alcohol,  al  tht-  ordinary  temperature  of  the  atmofphere, CoU  ileohol 
hasnoaaion  upon  it;  but  100  parts,  by  weight,  of  lliis  fluid,  ^™j_'"*|J^^^ 
when  boiling,  dilTolve  about  five  parts  of  the  wax.  Nearly  JtohoKpwingly 
is  dcpofitcd  by  the  cooling  of  the  alcohol ;  -}  (till  remains  fu'-p^"|^  "^" 
pended  ;  lliia  is  (lowly  depolited  Jn  the  courfe  of  a  few  days drpofiu ihii  by 
or  may  be  precipitated  by  the  addition  of  water,  Thi«  fiib-*™''"*  *'"' "' 
ilance,  when  precipitated  from  the  alcohol,  is  lighter  coloured 

than  iti  It^  original  (late,  and  approaches  more  to  a  grey  tinge. 
Though  the  myrtle  wax  fcems  to  be  homogeneous  in  its  Icr- 
ture  and  confifh-^nce,  it  h  not  totally  foluble  in  alcohol :  about  ■> 

5  only  of  the  whole  is  a  fled  upon  by  this  fluid,  even  when 
boiling.  The  part  which  is  infoluble  in  alcohol,  when  fepa- 
ralcd  from  the  relt  of  the  la&k,  eKhtbils  a  fomewhat  darker 
Aiade  of  green  than  before  the  experiment;  the  alcohol  re- 
mains completely  colourlcis, 

3.  Sulphuric  ether,  when  at  the  common  temperature  ofCoId  S.  Ether' 
Ihc  atmofphere,  dJITolves  the  myrtle  wu^  only  in  fmall  quan-hfll^r'^' 
tity,  but  it  afls  upon  it  rapidly  when  boiling.  On  account  of'tpi^'y  an^  , 
(he  tendency  which  the  fluid  has  to  evaporali:,  it  is  difficult  lojj^jjj.',,  '^^, 
ar<'crlain  the  cKaft  proportion,  buL  it  feems  to  take  up  fome-porationrercm. 
what  more  than  J  of  its  own  weight.  The  greaiell  part  ot'''"  '[«""««'• 
this  is  feparaled  as  the  ether  cools,  and  the  refl  may  be  pre- 
cipitated by  the  addition  of  water.     The  wax,  alter  it  has 

been  ditTolved  in  ether,  is  nearly  colourlefs,  while  the  fluid 
alTumes  a  beautiful  green  hue.  If  the  wax  be  nol  too  abun- 
dant, and  the  elher  be  futfered  to  evaporate  (lowly,  ihe  wax 
is  depolited  on  the  (ides  of  the  g!af<  in  a  crydallino  or  lamcl- 
lated  form  ;  in  this  Hate  ils  lexluxe  approaches  fomewhat  Is 
that  of  fpermaceti. 

4.  Reflified  oil  of  turpentine  at  the  temperature  of  >be  at-oi.  Turpentiae 
roofphere  fortens  the  wax.  but  does  not  fcem  capable  of  dif-"3i  butni^tlj; 
folvingitj  whenaffified  by  a  moderate  heat,  ITOgrainsof  the 
turpentine  diflblvelix  grains  of  the  myrtle  was.     The  lurpcri'' 

line  acquirer  a  light  green  tinge,  part  of  the  wax  is  feparaled 
as  the  fluid  cools,  while  part  remains  permanently  dilTdved 
!n  it. 

5.  When  the  myrtle  wax  is  boiled  with  liquid  cauftic  pol-P""  P"*'*  "^ 
a(h,  the  fluid  becomes  turbid,  but  after  fome  time  thegreateft„^,ut"f"  i,"' 
part  of  the  wax  rifes  to  the  furface,  nearly  without  colour. 
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ing  dccompofed    Tolwcd  in  the  potaQi ;  iJiis  may  be  precipitated  flora  U  bj  an 

'  udMDged.         verted  into  a  Tapoiiact^u!!  matter ;  it  has  loft  its  inflammabi- 

H  litj'  and  turibilily,  and  ihrim  an  opakc  folutioii  with  wster. 

^  t'rum  tills  folulioti  it  is  precipilaled  by  an  acid  in  llie  formol' 

while  Hakes,  whicK  wliun  coUefted,  will  be  found  to  tercm> 

ble  very,  nearly  tlic  wax  before  its  union  vvilh  the  potalli. 

pure  immonli         y,   pufg  ammonia  exhibits  Willi  Ibf  myrtle  waX  plienoincna 

poi'di,  bui        '"  many  refpcfls,  fimilar  to  Ihofe  ptodiivcd  by  the  fixed  akalis. 

motcfeeblj.       When  Its  afiiun  in  pronioLi-J  by  hear,  aii  opoVe  folution  it 

pmluced  ;   tliv  wax   is  deprived  of  it)   eolnur ;   lIlc  groatcfi 

pari  of  it  fcparalcs  from  the  lluid,  and  U  ccnvertcd  into  a 

Ifubftancc  partly  (oluble  in  kvarm  water,  Uiough  lefs  fo  than 
that  tefulting  from  the  aftion  of  pnlafli  upon  niyrlli;  *-ax. 
^eihrtcprin-  7.  The  mineral  at-iils  cxerdfe  little  aflion  ipon  titii  fub- 
KylS""™  glance  at  the  ordinary  lenipcralure  of  ihe  atmofphete ;  the 
iti  thouuh  not  fulphuric  diffulvcs  it  fparinglv,  and  acquires  a  brown  tinge. 
with  *iij  ngwble  w;,|,  i|,e  afliftance  of  a  moderate  heat  ihij  acid  diflblve*  about 

t^V  of  its  weight,  and  is  converted  into  a  thick,  daik-browo 
roafs  i  by  cooling  it  becomes  nearly  cimcreto,  but  no  repara- 
tion of  llie  wax  lakes  place.  The  nitric  und  mnrialic  adds, 
even  when  heated,  feem  to  pofltfi  little  utlra£tion  f'lr  the 
myrtle  wax.  After  the  wax  had  been  kept  fnr  lome  lime  in 
a  liate  of  fulion  in  conlaA  with  the  nitric  acid,  in  green  hue 
wa«  converted  into  a  pale  yellow,  but  llic  atid  remained  cd- 
lourlcfs,  nor  did  any  part  ol  llic  was  appear  lo  be  didblved  in 
it  :  the  was  by  long  digtliio|i  in  iiiatialic  acid  berame  ol  a 
bright  orange  colour. 
Dcdufliun  :  Thefe  experiments  witi  enable  us,  at  leaft  with  a  conlide- 

(bat  myrtle  wii  ^^\,[^  degree  of  probabihiy,  to  affigii  the  place  which  ihe  ve- 
oiigcnatid  geable  myrtle  wax  mull  hold  in  a  iialuml  arrangement  of 

filed  oil.  chemical  fubllancen.     Its  intlamniabilily,  fwfibilily,   its  infolo- 

biliiy  ill  water,  and  Ihe  a^ion  Mhich  lakes  place  between  it 
and  the  alcali^,  point  out  its  alHnity  to  the  liiied  oiU,  while 
its  texture  and  con&fience,  and  more  particularly  its  habitudes 
with  ak'ohnl  and  ether,  indicate  a  refemblance  to  the  r^fina. 
We  may  therefore  eonfider  iJie  myrtle  wax  as  a  fixed  vege- 
table oil,  rendered  concrete  by  the  aJditJon  of  a  quantity  of 
oxigen  ;  it  feems  to  hold  the  fame  relation  to  the  fixed,  tb»l 
jcbin  do  to  the  eti'ential  ails  ot  vegetable^. 

Bnt 
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But  Ihough  llic  myrtle  wax  he  itrell'  of  vegetable  otigin.  But  it  leftmblci  , 
(here  are  fomc  animal  fubftances  which  mori:  "'■•afl;' lefcmblL-^^'*'^^'"^!^' 
it  in  iU  chemical  properties  than  any  produdof  tlie  vegetable  rptrmMtuj  »nd' 
kingdQra.     The  prJJicipal  ol'  ihefe  is  the  wax  elaborated  by  '^'j'^^J^h"  ;,   1 
the  bee,  lo  whith  the  peculiar  fubilance  now  undi-'t  conltde-tNc  iciil  upon      ' 
ration  bears  a  Orong  rclembbncp,  both  in  ii.  phvliial  and  ■<"'/="'•' "^«i 
chcmical   properties.      Myrtle  wax  alio   m   many    partu.uiai'i  line  miiitr  of 
refombles  [permaccti ;  tlie  lubHance  called   Adipocirc,  pto- b'fi»'y  "•"''• 
daced  by  the  aflioii  of  nitric  acid  upon  the  mulcular  libte  ; 
and  the  cryftaUiiie  matter  of  biliary  calculi.      1  Ihall  in  a  very 
condtc  manner,  inditute  a  compaiilbn  between  mrrtlti  wax 
and  each  of  thefe  fublianccs. 

Bees  Waj. 

Thi':  fiibiiance,  in  its  pbyfical  properties,  difll-rs  from  myr- ComiurifonwiOi  I 
tie  wa>L  ill  being  morL"  unfiuous,  ard  poiTcding  a  greater  de- **"  ™-  ^y 
gree  of  tenacity:  its  colour  and  fracU  are  alfo  differenl.     Bees  onanooi  i  wn».  ' 
wax  i«  likcwife  conliderably  lefs  fufible  ;  Dr,  Fearfoii "  and  f""" '  ^'ftKnt 
Mr.  Nicholfui)  f  kx  itc  melting  paint  ai  1 42° ;  whereas  Mr.  f^j] .  „„^  f^.  ', 
Fourcroy  J  places  it  lower  in  the  fcale  at  1 17°  ;  on  this  fub-  *'''!c,  more  fo. 
jcci  the  refiilnormy  eupcrimcnts  coincide  csa^ly  with  llM>te^jj„"J,j,.      ' 
af  the  Englilli  chcmifts.     There  ii  slfo  a  dilfcrence  of  opinion  more  ifftQti^ 
Hinongclicmifts  refpcfling  the  action  whiih  takei  place  '*<'■  {^"i/ih*  tme 
(ween  lhi«  fubllanco  and  alcohol  ;   Fourcroy  §,  Chaplal  j|,  and  bj  immonia, 
Nicholfon*",  alferl  that   it  ii   inl'olulile   in  this  fluid,  while 
Pcarfon   maintains  the  contrary;  on  ibis  quellion  my  expe- 
rience agrees  with  that  of  Dr.  Pearibn.     The  proportion  of 
bucs  wax   which  the  alcohol  is  capable  of  dilTolving,  feems 
however  to  be  fomewhal  lefs  than  that  of  the  myrtle  was.  As 
in  the  fornier  cafe,  the  greatcfl  part  of  the  wax  feparales  iit 
tlie  fluid  cools ;  while  the  remainder  may  be  precipilaied  by 
the  addition  of  water.     Bees  wax  is  I'paringly  difTuli-ed  by 
iKiiling  oilier,  lefs  readily,  and  in  confidcrably  lefs  proportion 

*  Pearfon'i   Obfervationi   and    Experiment*    oo    White    L»i, 
pliU.  Tianf.  1704. 

t  Nicllolibn's  Journal,  Quarto,  vol.  t.  p.  70. 

I  Fourcroy  Syltfmcdc<i  ConnnllT.  Chlmiqucs,  x.  31:1, 

4   Ibid,  and  Thomfon's  Fourcioy,   Vol.  iii.  p.  387. 

|l  Cbaptal's  Element],  Vol.  III.   p.  li>l. 

*■  [Nichoifoa'*  Slemcau,  p.  bc2.) 
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tban  the  myrtle  wax  ;  this  fluid,  when  heated,  feems  only  to 
take  up  about  ,'^  of  its  weight  of  bees  wax.  Caullic  pota<h 
exhibits  (he  fame  phenomena  with  bees  wax  as  with  the  pro- 
duct of  Ihe  myrica  cerifera  ;  It  was  converted  inlo  the  fapo- 
naceous  llale,  and  became  foluble  in  warm  water.  It  appeared 
however  thai  the  aftion  was  lefs  violent,  and  the  change  le^ 
complete  than  in  the  former  cafe-  Ammoniac,  when  boiling, 
readily  forms  with  bees  wax  anemulfion,  in  foroe  refpeflsre- 
fembling  thai  produced  by  the  fame  fubflance  with  the  myrtle 
wax,  Aa  tiic  mixture  cools,  the  greateft  part  of  the  wax  rifes 
to  the  furface  in  a  flocculeni  form  ;  it  appears  to  have  fo  far 
contracted  a  union  with  the  alcaJi  a»  to  have  its  texture  and 
odour  dellroyed,  and  its  fufibility  and  indammability  dimi- 
tiifhedj  yet  it  is  little,  if  at  all,  foluble  In  water. 

Spereiaceli. 
It  One  properly  of  this  fiibftarrce,  which  obvioufly  diliinguilii»» 
it  from  ihole  already  dcfcribed,  is  the  cryfialline  texture  wiiich 
it  conflantly  atTumcs.  It  is  more  futible  than  either  of  the 
fubllanccs  which  we  hare  examined  ;  but  refpecling  the  pre- 
cife  temperature  at  which  it  becomes  ii(juid,  there  is  a  confi- 
derable  difference  of  opinion.  Fourcroy  *  Dates  it  to  be  at 
the  98th  degree,  or  a  Jitlle  lowerf;  Mr.  Nicholfon  ♦  fup- 
poles  it  to  be  at  the  1 33<J  degree  ;  1  have  ibund  Ihe  melting 
point  of  fpermaceti  to  be  uniformly  1 12"  ;  there  may  perhaps 
be  a  real  diSerence  in  ihe  ipecimens  that  have  been  employed. 
Like  the  two  kinds  of  wax,  it  is  foluble  in  alcohol,  though 
very  fparingl?;  according  to  my  experiments,  it  required  s 
quantity  of  boiling  alcohol  ec|ual  to  130  times  the  weight  of 
the  fpermaceti  lo  diflblve  it ;  a  proportion  which  nearly  co- 
incides with  ihe  ediiiiatc  of  Fourcroy  :  Ihe  whole  is  precipi- 
tated as  the  fluid  cools.  It  is  rapidly  diflblved  by  warm  ether, 
bycooling.it  is  precipitated  fo  plentifully,  as  in  appearance  to 
conved  the  whole  inlo  a  folid  cryftallized  mafs,  Spermaceli 
is  s'f"  diiTolved  with  great  facility  by  oil  of  turpentine  gently 
heatud,  bul  is  depofiled  from  it  as  it  cools.  It  unites  very 
readily  with  cjuflic  polalh,  and  the  compound  is  completely 


•  Ei.ejc.  Math.  Chimic,  J 

+   AnnalfisdeChim.  tom.vii.   19?. 

I  Ni<.hoilbn'j  jDumali  Vol.  1 .  4Eo,  p.  TO, 
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fcluble  in  warm  waicr :  potafh  feems  lo  exercife  upon  fperma- 
celi  a  more  powerful  aftion,  than  upon  cither  Ihe  myrtle  or 
Hie  bees  wa-s.  Ammoniac,  at  (he  ufual  temperature  of  Ihe  Strongly  bj  hot 
alinofphere,  does  not  appear  to  exercife  any  aflion  upon  fper- ■""™"">™' 
niaceti,  but  when  boiling  it  unites  with  it  readily,  and  forms  pof.  by  coolinj 
an  emiilfion,  which  is  not  decompofed  by  the  cooling  of  the  "  iilutkn,  bac 
mixture,  or  by  the  addilion  of  water;  but  the  fpermaceti  is  ^*"  "'  ' 
inflanily  precipitated  by  the  addilion  of  an  acid.     No  impor-  ' 

lani  phenomena  refult  from  the  aflion  of  Ihe  mineral  acids 
upon  fpennaceti. 

Adipocirc.  K 

I  procured  a  quantity  of  this  fubftance  by  digefiing  diluted  AdipMirt.   De- 
nitric  acid  upon  the  raufcular  fibre ;  it  was  allerward^  waAied  '"P"""- 
111  warm  water,  in  order  to  feparate  any  portion  of  adhering 
acid.     The  matter  thus  purified,  was  of  a  light  yellow  colour, 
of  about  Ihe  confidence  of  tallow,  and  of  a  homogeneous  lex-  ^ 

lure.     Refpefiing  the  temperature  at  which  it  is  fufed,  we  FuGbility, 
meet  with  the  fame  uncertainty  as  in  the  former  cafes.     Four- 
croy  in  one  of  his  eflays  *  fixes  its  melting  point  at  the  9Sth  i 

degree;  the  fame  author  in  another  place  ftales  it  to  be  the  1 

limht.  while  Mr.  NichoHonI  fuppoles  it  to  be  as  high  as 
the  127lh  i  in  Dr.  Rees's  Cyclop.  §  it  is  Dated,  that  this  fub- 
ttjncc  melts  at  7°  below  fpermaceti,  which  according  lo  my 
ellimate  would  be  Iho  105th  degree.  In  my  own  experience 
upon  this  fubjeA  it  became  Ii{|uid  at  (he  92d  degree.  Alcohol,  SolubUity  In  ^at 
at  the  ordinary  temperature  of  the  atmofphcre,  diiTolves  H'ltohd,  conjj-  . 
only  in  fmall  quantity,  but  by  Ihe  afliftance  of  a  gentle  heat  it 
afls  upon  it  with  rapidity.     Fourcroy  ||  (fates  that  this  fluid  ■     ] 

when  boiling  diffulves  about  its  own  weight  of  adipocire,  |  or 
■J-  of  which  is  retained  after  the  fluid  cools.  The  fame  chemift 
in  anolher  memoir  alferls,  that  one  ounce  of  alcohol  will  dif- 
folve  12  drams  of  tlii.n  fubllance  •*,  There  may  probably  be 
Ibine  difference  in  the  chemical  nature  of  aUipocirc,  according 

•  Ann,  lie  Chlmie,  torn.  vii.  ID'.'. 
+  Ann  dc  Chimie,  torn.  viii.  (jiJ.  v^ 

(  Nichollbn's  Journal,  ubi  fupra. 

\  Rtes's  Cyclop,  new  edit.  Ait.  AitipccirC]  this  ii  probably  in- 
ferted  only  upon  the  authority  of  Fourcioy. 
K  Ann.de  Chimie,  VII.   191. 
»•  Ann.  de  Chimie,  VIII.  67. 


J3S 


fo  tlic  procefs  by  which  it  is  obtained,  or  the  rapidity  of  iti 
production  ;  in  my  experiments  the  quantity  which  ihe  alcohol 
was  capable  of  diffolving,  though  very  conlldcrablc,  was  cer- 
tainly lef*  than  that  Jbilecl  by  Fourcroy.  The  greater  part  is 
deported  as  the  flui<l  cools,  and  the  remainder  may  be  preci- 
pitated by  water.  The  adipocire,  after  this  operation,  is  ren- 
dered nearly  white,  while  the  alcohol  ajlumes  a  deep  yelluw 
tinge.  Ether  ditTolves  it  fparingly,  when  unaflifted  by  heat ; 
when  boiling  it  lakes  up  about  j  of  its  own  weight ;  lliis  is  for 
the  moll  part  fcparated  by  the  cooling  of  the  fluid;  Ihe  adipocire 
i%  depofited  nearly  white,  while  the  ether  acquires  ayellowilTi 
green  colour.  The  cauflic  atcalis,  both  fixed  and  volatile, 
exert  upon  this  fubdance  the  fame  kind  of  aftion  which  wa 
have  defcribt-d  in  the  former  inftancej ;  when  healed  in  con- 
tA&  with  it,  ihey  form  a  faponaceous  emulfion  of  a  reddilli 
brown  colour,  which  is  mifcible  with  water  without  decom- 
pofition.  The  volatile  alcali  dilTolves  it  fparingly,  without  tlie 
allillance  of  heat;  a  circumftance  in  which  the  adipocire  dif- 
fers both  from  any  of  the  fubftancea  which  we  have  hitherto 
examined,  and  alfo  from  the  cryftallinc  matter  of  biliary  cal- 
culi. Upon  the  whole  the  adipocire  is  more  fufiblc,  more 
inflammable,  and  more  eafily  aded  upon  by  the  diiferent  re- 
agents  than  any  fubAance  which  has  palTed  under  our  review. 

Cr^ailint  Mailer  of  BiUary  Caladi. 
Cryftili  of  bili-  jt  oQ^  m,]j.  remained  to  perform  fome  comparative  cxperi- 
Dercrinioa.  mejits  with  the  cryflalline  matter  of  biliary  calculi,  and  I  was 
fortunately  In  pofTellion  of  two  of  thcfe  bodies,  which  were 
prefented  to  me  by  Dr.  Gerard  of  this  place.  The  calculi 
were  llmilat  in  their  textare  and  appearance,  and  of  nearly 
tjie  fame  Hze;  the  one  which  1  cxainined  was  of  an  irregular, 
polyhedral  ligure,  with  its  edge:  and  angles  blunted;  it  was 
fomewhat  brillle,  and  of  an  ocliry  brown  colour.  Its  fpecific 
gravity  was  about  .9000;  it  weighed  16  grains.  When 
broken,  and  viewed  through  a  microfcopc,  it  was  found  to 
conlifl  of  an  internal  nucleus,  formed  of  radii  converging  to  a 
centre,  and  of  an  cxtcriuil  cruil  compofed  of  four  or  five  thin 
flrata.  It  evidently  contifted  of  two  diilinfl  fubllanccsj  one 
white,  fparkling,  and  of  a.  cryftalhnc  texture,  by  which  its 
general  llruflure  was  determined,;  the  other  a  munber  of  dark 
ca'oured  particles,  irregukrly  difperfed  through  the  interll ices 
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of  llie  former.     I  therefore  concluded  it  lo  be  that  kinil  uf 
calculus  which  Fourcroy   call)  Cjftic-Adipobileous" ;    cnm- 
pofed  of  ihe  peculiar  cryftallized  mailer,  and  of  panicles  uf 
infpillaled  bile,  mixed  together  in  diflorent  proporlinns.     The  Fufible  ami 
cryftalllne  mailer  is  fufible  and  iiitiamniabte,  but  the  pr^'fe  fj™"_j*^'^' 
degree  at  which  it  mclls  has  not  been  afcerlained  ;  it  is  not  wucc. 
even  fofteiied  by  the  heat  of  boiling  water.     Alcohol 
cold  has  no  aflion  upon  il,  but  when  boiling  it  diflblve^  it  with  Hot  iltohol 
&cility  ;  Fourcroy  f  dates,  that  one  part  of  lliis  fubltance  is  J?^""  " 
taken  up  by  19  parts  of  the  fluid  ;  this  ho»-ever  was  not  the 
cafe  with  the  calculus  which  I  examined  ;  in  this  infiance  the 
alcoiiol  certainly  did  not  dillitlve  more  than  -j-^  of  its  weight  of 
the  cry (lalline  matter.      As  (he  fluid  cools,   the  fubdance  is  de- 
polited  in  the  form  of  while,  lliining  fpicula?,  intermixed  with 
ihin  plates.     Ether  diflblvcs  it  (lowly  in  ihe  cold,  but  more  tihir  mua 
readily  when  heated  ;  the  greateft  part  is  depoCied  as  the  "'' 
fluid  cools,  and  the  red  may  be  precipitated  by  water.     If  the 
ether  be  fuffered  lo  evaporate  Ilowly  at  the  ordinary  tempe- 
rature of  the  almofpherc,  the  niattcr  which  il  held  in  folution 
will  be  depofitedon  the  fides  of  the  glafs,  in  the  form  of  beau- 
tiful radiated  cryfials.     Oil  of  turpentine  a£fs  upon  this  matter  01.  tuipentinc 
with  difficulty;   it  appears,  however,  when  digelled  with   it '"''''■ 
for  foine  time  at  the  boiling  heat,  to  dilfolve  il  in  a  fmall  de- 
gree.    It  is  a&ed  upon  by  cauftic  potalh  when  bailing,  and  Fiird  illcalii  n 
the  refult  of  their  union  appears  lo  be  of  the  fame  nature  with  nLnU  ftirwl*" 
that  defcribed   in  Ihe  former  indances.     A  fmall  quantity  is  jull, 
dilTolved  by  the  poUadi,  and  may  be  precipitalcd  by  an  acid  ; 
while  BJiother  part  is  converted  into  a  fubdance  foluble  ia 
water,  but  infoluble  in  alcohol ;  it  may  be  precipilaled  from  j 

the  water  by  an  acid.     Ammoniac,  even  when  boiling,  feemt  | 

topofiefs  titlieor  no  attraAion  for  thiscryftalline  mailer.  i 

The  refults  of  feveral  experiments  oblige  me  to  differ  from  ' 

Dr.  Powel,  refpeSing  the  effect  of  the  fixed  alcalis  upon  this 
peculiar  fubdance  ;  he  conceives  that  it  is  not  afted  upon  by 
them  X  i  'l>^  opinion  which  I  have  adopted  is  however  fup- 
ported  by  the  authority   of  Fourcroy^.     Nitric  acid,  more  tri»'ie  icid  lai 

•  Fourcroy,  SyHeioe  dei  Conn.  Chi 
t  Arn.de  Chimie,  VIl. 
X  Powtl  on  the  Bile,  119. 
§  Encyc.  Metb.   Chimie  j    art.  Bi 
Conn.  Chimiqun,  x. 
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parlicularly  when  affilled  by  heat,  afls  readily  upon  (lie  cry- 
Jlaliinc  matier ;  during  the  procefs  there  is;  a  (lifengagcment  of 
nitrous  ga=.  A  fmalt  quantity  remains  dillblved  in, the  fluid, 
and  may  be  precipitated  ti-om  it  by  potajli.  The  grealell  port 
however  rifes  to  the  furface  ss  the  fluid  rools  in  the  form  of 
dropsofoil,  which  gradually  grow  concrete;  the  cryftalline 
texlurt;  is  dellroyed,  and  il5  coiiiillence  refembles  thai  of  a 
">'»'""J"  "f  *•  vegetable  refin.  Water  does  not  dilTolve  thii  peculiar  matter, 
ftaacn.  but  it  feeins   to  render  it  fomewhat  more  brittle  and   liable. 

Alcohol  aflifieri  by  a  gentle  heat  dilTulved  it ;  it  was  precipi- 
table  from  the  folution  by  water  in  the  form  of  a  grey  powder. 
Ether,  at  the  Icmj.erature  of  the  atmofphere,  dilfolved  it  ra- 
pidly ;  water  precipitated  it  from  the  ether  in  the  form  of 
dropsofoil.  When  the  fluid  was  evaporated,  it  wa^  dcpo- 
filed,  without  exhibiting  any  marks  of  acryfialliue  flrufture. 
Caufiic  polalh  afled  upon  it  without  the  afliflance  of  heat, 
when  boiling  it  diflblvcd  it  with  more  facility  ;  the  fluid  ac- 
quired a  rcddiih  brown  hue ;  it  was  not  precipitated  by  water, 
but  the  fulphuric  acid  feparated  it  in  the  form  of  a  grey  pow- 
der. The  afiion  of  ammoniac  was  nearly  limitar,  ibougli  as  [ 
conceived,  fomewhat  mor-e  powerful  than  thai  of  the  fixed 
nlcalis,  The  folution  was  alfoofa  reddilh  brown  colour;  but 
the  precipitate  by  fulphuric  acid  was  of  a  bright  yellow.  It 
appears  therefore  that  the  matter  of  biliary  calculi  has  its  pro- 
perties materially  changed  by  (he  operation  of  the  nitric  acid. 
It  entirely  deflroys  its  cryflalline  tendency,  and  renders  it 
more  folublc  in  ether  and  in  the  alcalis.  It  ha«  been  fuppofed 
that  by  this  procefs  il  becomes  more  allimilated  to  the  adipo- 
refln  of  the  bile  *,  hut  it  flill  differs  from  it  in  not  polfelliiig 
any  degree  of  folubility  in  water  f. 
ftincci  Jiiefe  remarks  upon  the  cryflalline  matter  of  biliary  calculi, 
^eren"  ^^'^  ''"'*  "'^"^^  ^'^  feveral  important  circum fiances  in  which 
it  diflers  both  from  fpetmaceli,  and  from  adipocire,  to  both  of 
which  it  has  been  compared  J.  Upon  the  whole,  though  the 
■  Powel,  p.  1^1. 

t  Ann.  de  Chimle,  torn.  vii.  p.  178,  Eneye.  M«h.  Chimie, 
art.  Bile,  p.  br,6. 

X  I  may  obfcrvc  thnt  the  dvk-coloured  particles  which  were  dif- 
perftd  through  the  cryftaUof  (he  calculus,  though  they  might  have 
been  originally  compored  of  infpiir^tcd  bile,  did  not  retain  the  pro- 
perties of  ihia  rublhncc,  as  they  were  nearly  infoluble  both  in  boil- 
ing water  and  in  alcohol. 


ifive  fabflances  which  have  pafled  under  our  review  poflefs  cer- 
tain properties  in  coramon,  and  have  a  degree  of  fimilarily  in 
Ibeir  external  appearance,  yet  lliey  differ  materially  in  llicir 
chemical  nature.  There  is  indeed  reafon  to  conje^ure  that 
Uiey  are  all  compofcd  of  the  fame  elements,  combined  toge- 
ther in  difTerent  proportions  and  with  diflcrent  degrees  of 
attraAion. 

Lavoifier  *  fir  ft  made  us  acquainted  with  llie  chemical  com-  Ocatni  ic 
pofition  of  oil,  and  proved  that  it  confifts  of  bydrogene  and"*"*'* 
carbonc.  This  great  philofopber  alfo  demonftralcd  that  wax 
difTers  from  oil,  in  containing  a  greater  proportion  of  carbone  f 
there  is  every  reafon  to  fuppofc,  that  a  quantity  of  oxygene 
likewife  enters  into  its  compoliiian.  It  may  be  conjcftured, 
that  the  five  fubitances  which  have  paifed  under  our  review, 
differ  from  each  other  in  tlie  proportion  of  oxygene,  hydro- 
gene,  and  carbone;  but  the  prefeni  ftate  of  our  knowledgs 
will  not  enable  us  to  determine  how  far  the  individual  proper- 
ties will  be  aflefled  by  the  dilierent  proporlioni.  It  had  been 
conjeflured,  that  an  addition  of  carbone  renders  a  body  Ids 
fuiible,  and  at  the  fame  time  more  foluble  in  alcohol ;  but  we 
find  from  the  experiments  recited  above,  that  adipo-cire,  which 
is  the  raoft  fuiible,  i»  likewife  the  moii  foluble  in  alcohol. 
Probably  a  good  deal  may  depend  in  ihcfe  cafes  upon  (he  flaic 
of  the  combiiialion  of  the  ingredients,  as  well  as  upon  their 
proportions. 


Oa  the  Naturt  qf  Muficai  SouniU,     In  Reply  to  Dr.  Yoi;hc. 
£j/Mr.Ji3Hti  GouGH. 

To  Mr.  NICHOLSON. 
S  1  R, 

X  HE  controverfy  between  Dr.  Young  and  me  has  taken  alncro^uffl 
new  turn  in  your  lafl  number;  for  my  opponent,  with  the  ad-'^ 
drefs  of  an  able  politician,  endeavours  to  fecure  the  victory 
by  tlie  aid  of  a  powerful  auxiliary.  For  this  purpofe,  he  has 
attempted  to  opprefs  my  caufe,  and  filence  my  realbns,  by  ihe 
authority  of  an  illuRriou;  name;  whom  he  has  imprelfcd  inlo 
*  Lavoifier,  M«m.  Acad.  Scienc.  ITS4. 


11^  ifAIVR.iL    OF    MU1ICAL     SOUND 

his  fervice.     The  only  pica  that  I  can  ofl«T  in  oppofiCioi 
this  formidable  con  rede  racy,  coiifiUs  in  the  following  plain 
rema.rk :  I  conlend  fur   [he  irulh  and  not  for  fupcriurit}',  a 
motive  whidi  obliges  every  difputant  lo  difregard  all  autho- 
rity, except  the  convidioii  impteffed  on  ihi;  fenles  by  a  judi- 
cious exp<;riiiiRn[,  and   the  alfent  given  by  (hu  under  II  an  ding 
(o  found  arguments.     Noiwithfianding  llie  preceding  decla^ 
PuTanat  reTiKc-  ration,  I  acknowledge  ihe  weight  of  peifunal  refpedmbiUly, 
"'V'''!'."'''       in  many  iiiftancea  of  an  eKperimental  nature;  becaufe  the  ra- 
,oty  J  putation  of  one  phiiofopher  flands  higher  than  that  of  another 

does,  as  a  condutlor  of  cK  peri  men  Is  j  on  this  fuppoCtion,  the 
dpcilions  of  the  ionner  ought  to  be  prelerred  to  rhofc  of  the 
latter,  when  tliey  liappcn  lo  difagre*!  in  their  conclufions  ;  in 
tiiS  every  moii'.i  confidence  in  the  juliice  of  an  experiment 
which  he  has  not  feen,  amount?  lo  nothing  more  than  hillori- 
cal  e\-idunce,  IIjl-  credit  of  tlio  narrative  reliing  Ciitircly  upon 
tlie  chara6ler  and  abilities  of  Ihe  eye  witnefs. 
aigu-  The  foregoing  obfervalions  on  experimental  knowledge 
"  have  nothing  to  do  with  argument  j  for  every  fpecies  of  true 
logic,  including  llic  malliematics,  contill',  of  a  train  of  induc- 
tions ;  all  of  which  are  drawn  from  maxims,  ailiintled  by  every 
party,  in  a  well  conducted  difpule.  On  this  account,  argu- 
mentation U  not  an  appeal  to  a  perfun's  faith,  buttohi«raf 
lional  faculties;  and  an  unprejudiced  judge  will  prefer  the 
logio  of  a  ploughman  lo  tliat  of  Arillotle  liimfelf,  fliould  the 
ruftic  happen  to  rcafon  betlcrlhaii  this  maflcrof  iheart.  After 
what  has  been  faid  on  the  weiglit  of  authority  in  philnfophical 
controverfy,  it  vvlll  not  be  expeflcd  that  I  (hall  pay  the  lead 
deference  to  the  dogma  of  any  man  in  the  world,  unlefs  his 
opinion  is  fupported  by  demonftration  ;  for  this  ii  the  only 
literary  aulhorily  to  which  an  enquirer  after  the  truth  ought  to 
The  pnfent  bow,  Confiltently  with  tills  declaration,  an  attempt  has  been 
toaaontCs  nnt  ^^^f,  ^q  demonfiratB  every  propofiiion  that  has  been  advanced 
octerminAble  by  ,  -  /■ 

utboiiiy.  on   my   part,   m   the   prelent   dilpule;  a  difpute  which  comr 

nienced  in  the  tranfaftions  of  the  Royal  Society,  which  palled 
from  that  publication  to  the  Maiichellcr  Memoirs,  and  U  now 
prolonged.  Sir,  in  your  Journal.  But  my  care  in  this  refpefl, 
and  aitachment  to  proof  have  not  b^-en  imitated  by  my  oppo- 
nent ;  lor  nothing  appears  in  the  courfe  of  the  controverfy, 
relembling  a  refutation  of  any  one  of  my  conclufions,  excepl- 
ing  an  objeftion  whiqb  was  offtred  in  Dr.  Yoong'i  M  letter," 
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U  lt)e  theoiy  of  ihe^  grave  harmonics.     The  Lioflor  obferves,  Thuiwo 
Ihftl   two  unifoni,  Uie  vjbraliiins  of  which  bife«  each  olliet.  ^Jj"^^*' 
ought  logive  ihe  oflave,  according  lo  nij'  principles.     Tolliistion,  lull 
I  lake  the  liberly  lo  reply,  ihat  no  iwo  perfefl  unjfons  produce'"' 
s  cycle;  bccaufe  the  arm  n  gem  en  t  which  is  given  lu  their  tirflcfi 
vibmtions,  will  evidently  prevail  lo  the  end  of  llie  expori- 
ment:  no  points  of  divifiun  can  therefore  be  formed  for  the 
feparation  of  ihi:  contiguous  cycles  i  in  other  wordt,  no  cycle* 
will  be  protiuced,  confetjuc-nily  no  imaginary  found  can  be 
perceived  in  the  courfc  ol  the  Doflor'5  cxporimeni,  becaufe 
the  exigence  of  the  grave  harmonics  depends  upon  a  fucoef- 
fion  of  minute  cyclti,  if  my  idea  of  their  origin  be  correal. 
The  effect  of  two  imperftd  unifons  will  perhaps  appear  upon Impcrfea  nn; 
examination,  not  Icfs  unfavourable  to  the  Doftor's  objeflion,  [°"'^^"^"" 
than  the  preceding  cafe  :  confonances  of  thit  defcription,  it  is 
true,  always  run  into  cycles;  but  ihen  they  are  too  long  to 
give  life  lo  continuous  founds,  being  better  fitted  to  produi'e 
beats.     For  inftance,  let  two  homogeneous  cords  of  equal  dia- 
meters  be  Afetched  with  equal  forces;    and  fuppofe  tlieir 
lengihs  to  be  20  and  20,1  inchet,  (hen  the  longer  will  make 
200  vibr&tjon&,  while  the  fliorler  compleats  201.     But  Itic 
cord  correfponding  to  the  grave  harmonic  of  thi«  conronanie, 
vibrates  but  unce  in  the  fame  time  ;  therefore  the  length  of  it 
is  lo  20,1  Inches  as  '200  lo  1  ;  or  it  is  335  feel.     The  diffi- 
culty of  conducling  I'ach  an  experiment  muft  be  obvious  lo 
every  one  j  for  whether  firings  or  pipes  be  uled,  the  loiver 
note  of  thi!<  confonunce  mull  compleatat  leall  twelve  cycles, 
or  2100  vibrations  in  a  fecond ;  olherwifc  a  grave  harmonic 
cannot   refult  Irom   ihi^  combination   of  impetfcfl   unifons. 

Having  now  replied  to  tliu  Doflor's  objection,  apparently  in  Haw  tlv  wuit 
a  latisFaftory  manner,  I  may  witliout  the  imputation  of  rudenefi,"^'''"^'™'**' 
rei]uelt  him  to  confider  in  what  way  the  leveral  properties  otcii,^  „  q^, 
tbefe  fecondary  founds  are  to  be  reconciled  to  his  fyiiem,  more  Younj'ifjftein! 
efpecially  their  want  of  a  fixed  direftion  :  (hould  he  fail  in  the 
attempt,  he  needs  not  be  reminded  that  every  theory  is  im- 
perfect, which  explains  a  part  of  a  phenomenon,  but  does  not 
embrace  tlie  whole  of  it.     The  want  of  diteflion  appeared  lo 
me  fo  plain  a  proof  of  the  nature  of  the  grave  harmonics,  the 
£ril  lime  1  made  llie  experiment,  that  1  immediately  explained 
the  fa£)  on  the  principles,  which  are  given  at  the  beginning  of 
thii  volume  ol  your  Journal,  without  once  fuppofing  the  theory 


OR    TWO   CBLESTIAL    BODIES. 

lo  be  new ;  before  Dr.  Young's  laft  letler  informed  me  of  the 
circiun  fiance.  Every  allempl  lo  account  for  this  Gngular  effcQ 
of  confo Dances  by  pulfes  Iranfmilted  to  the  ear  through  lh« 
air,  will  in  all  probability  encounter  the  obfiacle  already  meu- 
liuned  :  for  the  notion  of  force  comprifes  the  idea  of  djtcclion, 
»  well  as  that  of  power ;  and  if  the  latter  property  cannot  be 
ufcd  independent  of  llie  former,  every  tlieury  founded  on  tlii* 
principle  raufi  be  contradjcled  by  obfervatlon.  i  do  not  pre- 
tend to  turm  a  judgment  on  the  work  of  M.  Lagrange,  from 
Dr.  Young's  cxlraQs ;  and  peri'ons  relidmg  at  a  diflaiice  from 
ihe  metropolis,  as  1  do,  feldom  enjoy  acuefs  to  uncommon 
books,  fuch  as  the  Milcellanea  Taurincntia.  However,  I 
agree  (o  tlie  propofition  of  M.  X.agrange,  tliat  a  particle  of 
air  agitated  by  two  founds,  acquires  a  motion  ditfering  from 
thai,  whicli  each  of  ihem  would  give  lo  Jl  feparatelj :  at  the 
fame  time  1  mull  withhold  my  alfent  lo  the  fequel)  If  I  under- 
Hand  it  rightly  ;  viz.  that  llic  (bunds  coatelire  in  conIi;quence 
of  this  motion,  until  my  arguraenU  on  this  fubjefl  have  been 
refuted.  While  this  remains  unaltemptod,  the  prolongation  of 
the  prefenl  coiilroverfy  promifes  lo  be  ol  no  advantage  lo  fci> 
ence :  1  will  ihcrefgic  in  fulute  difrcgard  all  remarks  and  ob- 
Je£lioiis  which  do  not  attack  the  fundamental  principle  of  my 
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Ohfervadom   on   llie   two  lateti/  dijbottrcd  celcJUal  Bodies,     Sy 
WiLtiAM  HtKscBKL,  LL.  D.  F.  H.  S. 

(Concluded from  Page  12a.J 

VV  ITH  regard  lo  the  fifth,  concerning  fateililes,  it  may 
not  be  eafy  to  prove  a  negative  ;  though  even  that,  as  far  ai 
it  can  be  done,  has  been  fhcwn.  But  the  retention  of  a  fatel- 
liie  ill  its  orhil,  it  in  well  known,  requires  a  proper  mafs  of 
matter  in  the  central  body,  which  it  is  evident  thefe  Aars  do 

The  fixlh  article  feems  to  exclude  Ihefc  flars  from  the  con- 
dition of  planets.     The  fmall  comas  which  they  (bcw,  give 


Iliem  To  fur  tlie  re feniL lance  of  comets,  lliat  in  this  refpeft  we 
fliould  lie  rather  inclined  lo  rank  them  in  that  order,  did  other 
circum fiances  permit  us  lo  alTenl  lo  Iliis  idea. 

In  ilie  Tcvenlh  article,  they  are  again  unlike  planets ;  for  it 
appears,  ilial  their  orbits  art  too  neur  each  other  lo  agree  with 
the  general  harmony  that  takes  place  among  the  reft  ;  perhaps 
one  ol  them  might  be  brought  in,  to  lill  up  a  fecmiiig  vacancy 
between  Mars  and  Jupiter,  There  is  a  certain  regularity  in 
the  arnngement  of  planetary  orbits,  which  has  been  pointed 
out  by  a  very  intelligent  allronomer,  fo  long  ago  as  (he  year 
1 77'i ;  but  diis,  by  the  admiffion  of  the  two  new  liars  into  the 
order  of  planets,  would  be  complelely  overturned  ;  whereas, 
if  they  are  of  a  different  fpecies,  it  may  flill  remain  efla- 
bliflied. 

A*  we  have  now  fuliiciently  Iliewn  that  our  new  ftars  can- The  new  am 
not  be  called  plaiieta,  we  proceed  to  compare  them  alfo  with"*  "°'  P  *"'"* 
the  other  ptopofed  fpecies  of  celeflial  bodies,  namely,  comets. 
The  criteria  by  which  wc  have  hitherto  diftinguilhed  thefe 
from  planets,  may  be  enumerated  as  follows. 

1.  They  are  celeflial  bodies,  generally  of  a  very  fmall  fize.Ciiwiidoi  nf 
tliough  how  far  lliis  may  be  limited,  is  yet  unknown.  ""tw  ^ 

2.  They  move  in  very  excen trie  ell ipfes,  orapparently  para-foiall. 
bolic  arches,  round  the  fun.  cm^'c'"  "" 

-3.  The  planes  of  their  motion  admit  of  the  greateft  variety  3.  piu„  y^. 
jn  their  filuation.  "°^: 

i.  The  direfiion  of  their  motion  all«  is  totally  undetermined.  vJ^dus. 

5.  They  have  almofpheres  of  very  great  extent,  which  IhewS-  Gramioo- 
tiiemfelves  in  various  forma  of  tails,  coma,  hazinefs,  &c.         ''  ""' 

On  cafling  our  eye  over  ihefe  dillinguiihing  marks,  it  ap-Compmfon  of 
pears,  that  in  the  hrft  point,  rdaling  to  fize,  our  new  ft^rsJii^f"'^  ^|^'" 
agree  fufficiently  well ;  for  the  magnitude  ol'  comets  is  not 
^uily  fmall,  but  very  unlimited.  Mr.  Pigolt's  cornel,  for  in- 
fiance,  of  the  year  ITSI,  feemcd  to  have  fome  kind  of  nucleus; 
though  its  magnitude  was  fo  til  defined,  that  1  probably  over- 
rated it  much,  when,  November  22,  I  guelfed  it  might  amount 
to  3  or  4"  in  diameter.  But,  even  this,  confidering  its  neat- 
nefs  to  tlie  earth,  proves  it  to  have  been  very  fmall. 

That  of  the  year  1783,  alfo  difcovered  by  Mr.  Pigolt,  I  faw 
lo  more  advantage,  in  the  meridian,  with  a  '^0-feet  rdledor. 
It  had  a  fmall  nucleus,  which,  November  29,  was  coarfeiy 
ejiimaled  to  be  of  perhaps  3"  diameter.     In  all  my  otiier  pretty 
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niimeroas  obfervalions  of  comcl*;,  it  ij  cxprefsly  remarked,  thai 
they  hod  none  ihal  codM  be  ftren.  BefiHes,  what  I  have  called 
a  iiucteu!!,  would  Dill  be  far  frttm  what  1  now  Ihould  have  mea- 
furedaiadifk;  locotiflilult' whiih,  a  raoTP  determined  outline 
is  required, 

In  the  fecoiid  article,  (heir  motions  difler  much  from  that  of 
cornels ;  for,  fo  fer  as  we  hate  at  prefMil  an  account  of  the 
orbits  of  ihefc  new  Rars,  (liey  move  in  ellJples  which  arc  not 

Nor  are  the  fitualioiis  of  the  ptatie*  of  tlicir  orbilt  fo  much 
unlike  tliofe  of  the  plancls,  thiit  we  Iho&M  think  it  neceflary 
to  bring  them  under  the  third  arliile  of  comets,  which  leaves 
them  quite  unliroited. 

In  (lie  fourth  article,  relating  (o  thi' dtreflion  of  their  motiotT, 
thefe  ftars  agree  with  planets,  rather  than  with  comets. 

The  fifth  article,  which  refers  (o  the  almofphere  of  comet', 
feems  to  point  out  thefe  ftar?  as  belonging  lo  that  dafs ;  it 
will,  however,  on  a  more  particular  examination,  appear  that 
the  difference  ii  far  too  confiderable  to  allow  us  lo  call  them 

e  The  following  account  of  the  Gze  of  tho  comas  of  the  fmaUcfl 
comets  I  have  obferved,  will  lliew  thai  thej  are  beyond  com- 
parifon  larger  than  thofe  of  our  new  fiars, 

Nov.  22,  1781.  Mr.  Pigoll's  comet  had  a  coma  ofS  or  6* 
in  diameter. 

Nov.  29,  1783.  Anatherof  Mr.Pigotl'scometshadacoma 
of  8'  in  diameter, 

Dec.  25,  1789,  My  filler's  comet  had  a  coma  of  5  or  G'in 
diameter. 

Jan.  9,  1790-  Another  of  her  comets  was  furrounded  by 
hazinefs  of  5  or  G'  in  diameter. 

Jan.  18,  1790.    Mr.  Mecham's  comet  hadacotnaorAore' 

Nov.  7,  1793.  My  filler's  comet  had  a  coraaoFS  or  6' in 
diameter, 

Sept.  8,  1799.  Mr.  Stephen  Lee's  cornel  had  a  coma  of  not 
lefs  than  Iff  in  diameter,  and  alfo  a  fmall  tail  of  15'  in  length. 

From  thefe  ohfen'atiani,  which  give  us  the  dimenfions  of 
the  comas  of  ihc  fmallell  comets  that  have  been  obferved  with 
good  inftrumcnts,  we  conclude,  thai  the  comas  of  thefe  new 
ftan,  which  at  moH  araounl  only  to  a  few  times  the  diameter 

of 
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*r  the  bodiet  to  wluch  they  belong,  bear  no  refcmbtance  (o  tlie 
comai  or  cornels,  which,  even  when  fmalleft,  exceed  theirs 
above  a  humlred  times.  Not  to  meniion  the  estenlive  atmo- 
rpheres,  and  aftonithing  length  of  the  laiU,  uf  fome  comets  that 
have  been  obferved,  lo  which  ihefe  new  liars  have  nolblngiii 
the  leaft  fimilar. 

Since,  therefore,  neither  the  appellation  of  planets,  nor  thai  Thtft 
of  camels,  can  wiih  any  propriety  of  language  be  given  to  '''efe""""^  "'J^ 
tw*  ftars,  we  ought  to  diftingailh  them  by  a  new  name,  de-  imguage  be 
noting  a  fpeciei  of  celeftial  bodies  hitherto  unknown  lo  ui,  ^^^1^ 
but  which  the  inlerefiing  difcoveries  of  Mr.  Piassi  and  Dr. 
Olbers  have  brought  to  liRhl. 

Willi  this  intention,  therefore,  1  liave  endeavoured  to  find 
cut  a  leading  tt-alure  in  the  charafier  of  Ihefe  new  liars ;  and, 
BS  planets  are  dillinguilhed  from  the  iixed  liars  by  their  vjfible 
change  ol  fitualion  in  the  zodiac,  and  comets  by  their  remark- 
able coiuaj,  fo  the  quality  in  which  thefe  objects  dilTer  confi- 
dcrably  from  the  two  former  fpecies,  is  that  they  refemble  fmall 
(lars  fo  much  as  hardly  to  be  difiinguiftied  from  them,  even 
by  very  good  telefcopes.  It  is  owing  to  this  very  circumftance, 
that  they  have  been  fo  long  concealed  from  our  view.  From 
this,  their  all  etoidica  I  appearance,  if!  may  ufe  ihatexprelGon,  The  luihurpro- 
Iherefore,  I  fliall  lake  my  name,  a.nd  call  Uiem  /Ijleroids:  PJ?"^""'*'^ 
fefervinglomyfelf,  however,  the  liberty  of  changing  that  name, 
if  another,  more  e:jpre(Gve  of  llieir  nature,  (hould  occur.  Thefe 
bodies  will  hold  a  middle  rank,  between  <he  two  fpecies  that 
were  known  before;  fo  that  planets,  afteroids,  and  comets,  will 
in  future  comprehend  all  the  primary  celetlial  bodies  that  eilher 
remain  with,  or  only  eccalionally  vifit,  our  folar  fvfiem. 

I  (hall  now  give  a  definition  of  our  new  aftronomital  term, 
which  ought  to  be  confiderably  exleniive,  thai  it  may  not  only 
lake  in  the  aneroid  Ceres,  as  well  as  the  alleroid  Pallas,  but 
■hat  any  other  allcroid  which  may  hereafter  be  dilcovered,  let 
ils  motion  or  htuation  be  whatever  it  may,  fhall  alfo  be  fully 
delineated  by  il.     This  will  Hand  as  loUows. 

Afleroids  are  celeflial  bodies,  which  move  in  orbits  eilher  of  DcGn!t!oHl 
little  or  of  confiderable  encentricity  round  the  fan,  the  plane  '^"^^ 
of  which  may  be  inclined  lo  the  ecliptic  in  any  angle  whatfo' 
ever.     Their  motion  may  be  direfl,  ot  retrograde ;  and  ibey 
laay  or  may  not  have  confiderable  atmofphetes,  very  (batl 
comas,  diJks,  or  nudei. 
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Oiberi  w]1l  [oDa      Ai  1  have  given  a  dciinition  which  is  Tutliciently  e^tehrive  to 
te  found  outi     tgiteifl  future  difcoveries,  it  may  be  proper  lo  dale  the  reafom 

I  we  have  for  expeCling  ih.il  addilioual  afteroids  may  probably 

be  foon  found  out.     From  llie  appearance  of  Ceres  and  Palla* 
it  is  evideni,  ihal  the  difeovery  of  afleroids  requires  a  particular 
method  of  examining  the  heavens,  ivliich  hitherto  aiironomers 
.  have  not  been  in  the  habil  of  ufing.     1  have  already  made  five 

reviews  of  tlie  zodiac,  withoul  detcding  any  of  tJiefe  concealed 
ohjeas.  Had  Ihcy  been  lefs  refembling  the  finall  ilars  of  the 
by  obfttring  ihe  heavens,  I  muft  have  dilcovercd  Ihcm.  Bui  ihc  method  which 
B  w^d'r^'r  w'"  """  ^  put  in  praftice,  will  completely  obviate  all  diffi- 
■jweuiDCC  of  culty  arifing  from  the  alieroidical  appearance  of  thefe  objefls ; 
**"■  as  their  motion,  and  not  their  appearance,  will  in  future  be  the 

mark  to  which  the  attention  of  obfervcrs  will  be  direded. 
BocJetjr  for  Ihit       A   laudable   zeal   has   induced  a   fel  of  genllemcn   on  the 
f"P^-  Continent,  to  form  an  afibciatrun  for,jlie  examination  nf  Uie 

zodiac.  I  hope  they  will  extend  their  acitntion,  by  degrees,  to 
every  part  of  the  heavens;  and  that  the  honourable  dillinflion 
wliich  ii  juflly  due  to  the  fucccf^fu)  invelligators  of  nature, 
will  induce  many  to  join  in  the  meritorious  purfuil.  As  the 
new  method  of  obferving  the  zodiac  has  already  produced  fuch 
inlere (ling  difcoveries,  we  have  icafon  to  believe  that  anumber 
of  afteroids  may  remain  concealed ;  lor,  how  imprababte  it 
would  be,  that  if  there  were  but  (wo,  ihev  (liould  have  been 
fo  near  together  as  almofl  to  force  themfelves  to  our  notice. 
But  a  more  extended  confide  rat  ion  adds  to  the  probability  that 
many  of  them  may  foon  be  difcovered.  It  is  well  known  that 
the  comas  and  tails  of  comets  gradually  increafc  in  their  ap- 
proach to  the  fun,  and  contrafl  again  when  tliey  retire  into  the 
CotMtimiy  be-diflant  regions  of  fpace.  Hence  we  have  reafon  to  expe3, 
'  that  when  comets  have  been  a  conCderablc  time  in  retirement, 
their  comas  may  fubCde,  if  not  intirely,  at  lead  fufficienily  to 
make  them  alTume  the  refemblance  of  (tafi ;  that  is,  to  become 
aReroidt,  in  which  {late  we  have  a  good  chance  to  dete£t  them. 
It  is  true  that  comets  foon  grow  fo  faint,  in  retiring  from  their 
pcrilielia,  that  we  lofe  light  of  them;  but,  if  tlieir  comas, 
which  are  generally  of  great  extent,  (bould  be  comptefTed 
into  a  fpace  fo  fmall  as  the  diameters  of  our  two  aileroids,  w« 
can  hardly  entertain  a  doubt  but  that  they  would  again  become 
iri  trt  obfcncd  vifible  wiUi  good  telefcopes.  Now,  Qiould  we  fee  a  comet 
U^htiT  .plM-  j^  jj^  aphelion,  under  the  conditions  here  pointed  out,  and  th»t 
there  are  many  which  may  be  in  fuch  fituatiotis,  we  hare  tta 
gtealeft 
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grealeft  inducementi  lo  believe,  it  would  be  a  favourable  cir* 
Curaftance  lo  lead  iii  lo  a  more  peifcfl  knowledge  of  the  na- 
ture of  ttjmeU  and  their  orbits  ;  for  inllancc,  (lie  comet  of  the 
year  1T70,  which  Mr.  Lexell  has  Ihcwn  lo  have  moved  in  alt 
ellipiical  orbit,  fach  at  woiHd  make  the  time  of  its  periodical 
return  only  about  5^  years:  if  this  ftioulU  Rill  remBin  in  our 
fyflem,  which  i^  however  doubtful,  we  ought  to  look  for  it 
under  the  form  of  an  alleroid. 

If  thefe  conliderations  Ihould  be  admitted,  it  might  be  ob- 
jeSed,  that  allcroids  were  only  comets  in  difguife;  but,  if  we 
were  lo  allow  that  comets,  afieroid?,  and  even  planets,  might 
poflibjy  be  the  fame  fort  of  celeftial  bodies  under  difierent  cir- 
cuniflances,  llie  necelfary  diflinflion  arifing  from  fuch  difle- 
lence,  would  fully  audiorife  us  lo  call  them  by  different  names. 

It  h  to  be  hoped  that  time  will  fbon  throw  a  greater  light 
upon  this  fubjefl ;  for  which  reafon,  it  would  be  premature  to 
add  any  other  remarks,  though  many  extenfive  views  relating 
lo  Ihe  fojar  fyftem  might  ccriainly  be  hinted  al. 

Additiomd  Ob/tnralian!  rtlaling  to  the  Apptatancet  of  the     AiMidwul  ob« 
AJteroids  drts  itiut  Pailm.  femdoai. 

May  I.,   12*  W.      10-feet  fcfleflor;   power  516*.     I  com- The  comit  da 
pared  Ceres  with  Iwo  fixed  (Jars,  which,  in  the  finder,  ap-  -"t  """h  "««* 
peari:d  lo  be  ol   very  nearly  the  lame  magnitude  with  Inealte-  g«d  ilus. 
roid,  and  found  that  its  coma  exceeds  their  aberration  but  in  a 
verv  Imall  degree. 

12*  51/.  20-feet  tefleaor  i  power  « 7.  I  viewed  Ceres, 
in  order  lo  compare  its  appearance  with  regard  to  hazinefs, 
aberration,  atmofphere,  or  coma,  whatever  we  may  call  it,  to 
the  fame  phenomena  of  ihe  fixed  (lars ;  and  found  thai  the 
coma  of  ibe  afleruid  did  nut  much  exceed  that  of  the  ftars. 

I  alfo  found,  that  even  the  fixed  ftars  differ  confiderably  in 
lliisrefpcfiamonglhemfelves,  The  foiallerlhcyare,  thelarger 
in  proportion  will  the  attendani  hazinefs  fliew  itfelf.  A  Kar 
that  is  fcarccly  perceptible,  becomes  a  fraall  nebulofity. 

10-feeI  refleflor.  n'  10'.  I  coinpared  the  appearance  of 
Pallas  with  two  ctjual  fixed  flars ;  and  found  that  the  coma  of 
this  aHeToid  but  very  little  exceeds  the  aberration  of  the  ftars. 

l*"  5',  20-feet  refleflor.  I  viewed  Pallas;  and,  with  a 
magnifying  power  of  477,  its  dilk  was  vifible.  Thecoma  of 
this  alleroid  is  a  little  ilronger  than  that  which  fixed  flari  of 
the  faiDc  fize  generally  have. 
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On  the  ohliquc  Sefraaion  <^  Ictland  Crgfial,     £y  William 
Hyde    Woll*stok.    M.  D.  F.  It.  S.      From  the  Phil. 

Iran/./or  1802. 

JN"  the  preceding  cotninunicalian  *,  I  have  inferted  two 

different  meafurei  of"  refratUve  powers,  didindly  obfervable 

in  ihe  Iceland  crjfial.  a%  well  a»  aneflimale  of  its  diTpeifive 

power ;  bul  have  refervcd  for  a  feparalc  irealife,  fome  renarks 

which  the  (ame  mode  of  itivefiigatioii  has  enabled  me  to  make 

on  lIr  oblique  refraction. 

Icelmd  tryftil        The  optical  properties  of  this  body  have  been  fo  amply  dft- 

r/HoHMi^      fcribed  by  H.iygcns  in   his  Traite  de  la  Lu>nitrc.  that  it  could 

anfwei  little  purpofe  to  attempt  to  make  any  addition  to  thofe 

which  he  has  enumerated.     Bkit,  as  the  law  to  which  he  hai 

reduced  the  oblique  lefraclions  occalioned  by  it,  could  not  ba 

verified  by  former  methods  of  meafuremeiit,  without  con- 

fiderable  diflicully,  it  may  be  worth  while  lo  offer  a  new  and 

eafy  proof  of  the  julln«fs  of  his  conclufions.     For,  fincethe 

iitbcerT,        theory  by  which  he  wa.s  guided  in  his  inquiries,  aflbrds  (as 

has  lately  been  fliown  by  Dr.  Young  t)  a  Jiniple  explanation 

of  feveral  piicnomena  not  yet  accounted  for  by  any  other 

bypotheCs,  it  muli  be  admitted  that  it  is  entitled  to  a  highec 

degree  of  conlideratian  llian  it  has  in  general  received. 

M light  II  pro-     According  to  that  bypothelis,  light  proceeding  from  any 

giti^^by  libra-  lumjnjiuj  centre,   is  propagated  by  vibrations  of  a  medium 

medium  j  iiighly  elaflic,  that  pervades  all   fpace.     In  ordinary  cafes, 

Bndukti^^        the  incipient  undulations  are  of  a  fpherical  form ;  but,  in  th« 

roofl  urn;  tuclcel^dcryfial,  light  appeared  to  Huygens  toproceed  as  if  th< 

in  ui  obiaie        undulations  were  portions  of  an  oblate  fpheroid,  of  which  the 

lind  crrA'l  i      ^'^'^  '^  parallel  to  the  Aiarl  diagonal  of  an  equilateral  piece  of 

the  cryflal  and  its  centre  the  point  of  incidence  of  the  ray. 
WlwDM  tht  liw  From  this  fpheroidipa-1  ibrra  of  the  undulations,  he  deducei 
SM^"."'".h'.(  ^^  obliquity  of  refraflion  ;  and  lays  down  a  law,  obfervable 
the  fine  of  inci-  in  all  refrafiions,  at  any  furface  of  the  fpar,  whether  natural 
denu  hu  I  coa-  q^  artificial,  which  bears  the  clofeft  analogy  to  that  which  ob- 
IJ»iW  ratio  10  the  .     '     ,,  ,  ^    ~-        r    c  r  , 

ordinMe  of  n<    l^ms  univerlaily  at  Other  reliacting  lurtaces  j  lor  as,  in  other 

Inaitn  io  the 

^roid,  *  Sec  our  Journal  IV.  89. 

i  Bakerian  Leaure.  Phil.  Traa*-  for  1801. 
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cafei,  the  raljo  is  given  belween  llie  line  of  incidence  and  fine 
of  reffaflion,  for  ordinate  of  tlie  Jphericai  ucniulftlion  pro. 
pagBted,}  fo,  in  the  Iceland  cryfta!,  the  raljo  bclwcen  the 
fine  of  incidence  and  ordinal^.-  of  refraflioii  (in  any  one  feflion 
oi \he  fpcToidical  undulation]  is  a  given  ratio. 

If  ABD  (Fig.  1,  Plate  VIII.)  be  any  furface  of  the  fpar, Illuanrion  by 
let  FHOK  be  a  fefiion  of  the  fpheroid  through  its  centre  c/**'™* 
•nd  RC  any  ray  of  light  liilling  on  that  furfuce ;  draw  FO  a. 
diameter  of  the  fpheroid,  in  the  plane  of  incidence  RVO,  and 
CT,  its  femiconjugate  diameter,  in  the  plane  of  reflation 
FTO.  Then,  if  CI  be  the  refraaed  ray.  VR,  the  fine  of 
incidence,  (hall  be  to  EI,  the  ordinate  of  refraflion  parallel  to 
FC,  in  the  conftant  ratio  ofa  given  line  N  to  the  femidiamelcr 

In  any  other  plane  of  incidence,  the  ratio  of  fine  to  ordi-Bui  the  rtfnc- 
nate  is  alfo  condant ;  but  it  is  a  different  ratio,  according  to^^^^^J*"* 
the  magnitude  of  that  diameter  in  whkh  the  plane  of  incidence  planu  of  ind- 
Interfeas  the  ellipfe  FHOK.  dbm'ciJoftoi 

When  the  incidence  of  the  ray  pailing  from  any  medium  ofeiiipfc,  &8. 
greater  dentity  upon  the  furface  of  this  fpar,  is  fuch  that  the 
emergent  ray  becomes  parallel  to  the  fiirface,  the  ordinate  of 
fefraflion  Is  then  a  femidiametcr   tti  [he  fpheroid;  and,  ac- 
cordingly, the  refra<£live  power  of  this  fpar,  when  examined n  mg;  be 
by  meansflf  a  prifm  in  difierent  dircaions,  (hould  be  found^""  >')'''"'  . 

angle  of  totd 

to  vary  as  thai  femidiameter  which  coincides  with  the  plane  ofrcticaian. 
incidence  and  refrafling  furface. 

The  obfer\ations  that  I  have  made  on  this  fuhAance,  accord Nipoihciii  of 
throughout  with  this  hypolhefis  of  Huygens;  the  meafurc<""fE«'"™>. 
thai  I  have  taken  correfpond  more  nearly  than  could  well  hap> 
pen  to  a  falfe  theory,  and  are  the  more  to  be  depended  on,  as 
all  my  experiments,  excepting  the  lafi,  were  made  prior  to 
my  acquaintance  with  the  theory,  and  their  agreement  was 
deduced  by  fubfequent  compulation. 

I'.xp.  1.  The  oblique  refrsflion  of  this  fpar  is  renderedvifibte.EipniineDti  on 
by  cemenling  a  furface  of  it  to  a  prifm  of  flint-glafs.  with  af|!,°^°"^1j^' "" 
little  balfam  of  Tohi,     When  the  line  of  fight  befefls  an  aculedifiittot  pluct, 
angle  of  a  natural  furface  of  the  fpar,  the  rcfraflive  power  is 
feen  to  be  lefs  than  in  any  other  dircfiion,  and  may  be  exprelTed 
by  the  fine    I, +88,  or  its  reciprocal  0,6720*. 

Exp.  2.  When  the  plane  of  incidence  is  parallel  to  one  of 
the  fides,  the  power  is  1,618.  of  which  the  reciprocal  is 
OfiM7. 

Esp. 
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Exp.  S.  In  a  direfllon  at  right  angles  with  ertlier  fidtr,  it  ii 
bond  dill  higher,   being  1,537,  or  its  reciprocal  0,6506. 

Rrp.  4.  And  in  ihe  plane  bifeftiiig  an  ublufe  angle,  the  re- 
fraflive  power  of  iho  natural  furface  appears  greater,  and  i» 
exprefled  by  Iheline  1,571,  or  its  reciprocal  0,6365. 
forficd,  Eip.  5,  When  eitlier  of  the  two  greatcft  Iblid  angles  of  the 

fpar  contained  under  three  obtufe  angles,  is  cut  off  bjr  a  po- 
liihed  fiir&ce  making  equal  angles  with  each  of  Its  Cdcs,  the 
fame  refraclive  poM-er  1 ,468  is  found  in  all  diredioni.  By  tho 
theory  alfo,  the  feciion  of  the  fpheroid  is  in  this  cafe  a  circle, 
and  every  femidiamcter  (FC)  the  fame,  (inee  the  plane  ii  at 
right  angles  to  the  minor  axis. 

Eip.  6.  If  a  plane  furface  be  rormed   bifeAing  an  obtufe 

angle  of  the  fpar,  and  applied  to  a  prifin,  the  fame  ratnimum 

of  refraction  1 ,488,  is  found  in  a  direflion  that  coincides  wild 

the  preceding  plane,  and  therefore  with  the  major  ails  of  the 

generating  ell ipfe  ;  but,  as  the  direflion  is  varied,  it  increafes 

fo  rapidly  as  foon  to  exceed  tlie  power  of  glafs,  and  to  be  no 

longer  afcerlainable  by  Ihe  angle  of  incipient  refleflion. 

Reguljr  refrac-        lixp.  7.  The  regular  refraflioii  of  this  fpar  is  alio  loo  great 

""'•  for  esaminalion  by  mean!  ol'  anyprifm,  for  want  of  a  medium 

of  union  of  fullicient  denftly  ;  but,  by  trial  In  the  ufual  method. 

itmeafured,  on  an  average  of  feveial  eKperitnents,   1,G57,  or 

its  reciprocal  0,6035. 

Spheroid  which        By  alTurning,  as   Huygens  has   done,  the   equality  of  tbis 

fefiifiioii'  *       power  with  ihe  maximum   of  the  oblique  refraflion,  we  hav« 

fufficient  data  for  confiruflion  of  the  fplieroid  by  which  the 

refractions   are  regulated  ;   for  we  have  0,67204-  {Exp.  1.)  as 

major  axis  of  the  generating  elhple,  and  0,6035  {lixp.  7)  will 

be  the  minor  asi=,  parallel  in  pofxlion  lo  the  fliort  axis  of  the 

fpar. 

The  angle  of  inclination  of  this  axis  to  Ihe  furfaces  of  the 
fpar,  if  fuppofed  lo  be  equilateral,  may  be  computed  by 
fphcrical  trigonometry,  from  any  other  angle  that  has  beeti 
afcertained  by  meafuremenl. 

The  nteafures  that  I  have  taken  are  not  exactly  thofe  of 

Huygens ;  but  I  neverlhelefs  hold  them  in  equal  ellimation, 

from  the  conformity  which  I  find  they  bear  lo  each  other,  by 

aliiilance  of  his  theory. 

"r  "^         f^-  8-  I  meal'ured  with  care  an  angle  at  which  two  fur&ces 

[ion.       of  thefpar  areincliaed  lo  each  other,  and  found  it  lo  be  105^  5'. 

HencQ 


I 


Hence,  the  jfrealcr  angle  of  ihe  fjibces  ihemfdves  may  1je 
computed  to  be  lOl"  ,ii';  and  Hie  angle  which  the  (liort  axia 
makes  wilh  each  plane  Turface  is  +5"  33' 23". 

If  GSMP  (Fig.  2.)  be  a  plane  bifetting  an  oblofe  angle  of 
tlie  fpar,  the  fecliun  of  the  fplieroid  in  thai  plane  pafTes  through 
the  axis  CS,  and  therefore  is  Ihe  generating  ellipfe.  By  calcu- 
lating Irom  Ihe  known  dinienllons  of  lis  major  axis  CP  0,67204, 
its  minor  axis  CS  0,6035,  and  (he  angle  GCS=+5'  23'  25", 
CG  will  be  found  "  to  be  0,63fi5,  of  which  the  reciprocal  is 
l,573Gjdlirering  but  little  from  1,571,  as  it  appeared  by  nica- 
furemcnt.  ffir/*.  4.) 

Again,  if  .AflDE  (Fig.  4.)  be  one  of  the  nalural  fiirfacefl. 
and  PG/i  the  clljpfe  formed  by  that  fcaion  of  the  fpheroid,  PC 
being  a*  before  O.C720t.,  and  CG  0,6365,  the  reciprocal  of 
1,37  I  found  by  meafuremeni,  fExp,  4]  then  the  femidiameler 
CT,  parallel  to  the  fide  AE.  which  makes  an  angle  TCP 
39"  2f,  will  be  found  to  be  0,6573,  inflead  of  0,6587,  and 
its  reciprocal  l,3'215,  inflead  of  l,il3.  (Eip.  2.) 

Thefcniidiamcter  alfo,  in  thedIre£lionofCL,  perpendicular 
fothefiUe,  atan  angle  LCP  50°  57f ,  is  found  by  calculation 
0.650,  and  its  reciprocal  1,539,  inflead  of  0,6506  and  1,537. 
f  £rp.  3.) 

From  the  foregoing  data,  the  conrfe  of  a  ray  perpendicular  Com fe  of  j  per- 
to   the   fur  face  of  the  fpar   may  likewife  be  computed;  fo'i  Sft«'tbii're!' 
fince  the  fine   of  incidence    is   then  nothing,  the  ordinate  olfriflioa. 
refraAion  muft  be  alfo  nothing,  and  the  ray  will  be  Tefra6ied 
alung  the  femiconjugafe diameter  CM.  (Fig.  2.) 

By  calculation  f.  the  angle  which  this  conjugate  makes 
wilh  the  perpendicular  is  6»  7i'.  But,  by  the  following  mea- 
fureroent,  it  appears  to  be  6"  Iti'. 

£171.  9.  A  piece  of  fpar  that  meafured  1,145  inch  in  thick- Eifftimcnt  n 
nefs,  was  laid  upon  a  line,  and  thowed  two  images  that  were  ^^*f^^^ 
removed  from  each  other  T^%*5  of  an  inch.     Then,  as  1,145  : 
0,12s  ;;  radius:  lang.  of  6"  JCi'. 

The  difierent  refults  deduced  from  theory  and  from  obferva-  Coni|«nthr» 
lion,  willbefeenaione  viewin  the  following  ftatement:  refuitTtiom 

obbriatjoa  lad 

•  (Fig.  3.)   CS  :  CP  !>  tang.  PCG  i  t»ng.  PC/  feci  PCf  :  ftc.  (na  duotj. 
PCG  ::CP  :  CGi 

t  (Fig.  S.)  CS  :  CP  ;;  tang.  PCG  :  tang.' /CO  or  co-lang. 
PCCt;  then  CPi  CS  ::  tang.  PCQj  tang.  PCM;  and  LCP— 
PCM=MCL. 

In 
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CTlculaled     1,5215, 

1,539. 

I,573S. 

-       -G"  7 1*. 

.t  ubtained  by  compub- 


^ 


Jn  Etp.  2d,     obferved     1 ,5 1 : 

Sd,      1,537 

4.ih,     1,571 

6th,  angle  obfetved  6'  16' 
The  angle  obfetved  diffors  from  ihi 
lion,  in  a  greater  degree  ihaii  any  of  the  former  meafares  ; 
but,  when  the  difiicuUy  of  meafuring  this  angle  with  accuracy 
is  confidered,  and  alfo  ibe  greater  elfefl  of  any  incorreflneft 
ID  the  daU  from  which  a  femiconjugate  is  computed,  I  tlitnk 
iherefult  of  this,  as  well  of  (he  preceding  com  pari  fon  3,  mult 
be  admitted  to  be  highly  favourable  to  the  Huygenian  theorvj 
and,  although  the  exillence  of  two  aefraflions  at  the  fatue 
time,  in  the  fame  fubllancc,  be  not  well  accounted  for,  and 
lUII  lefs  their  interchange  with  each  other,  when  a  ray  of  light 
is  made  to  pafs  through  a  fecond  piece  of  fpar  Tituated  iranr-- 
*erfely  to  the  firli,  yet  the  oblique  relraflion,  when  confidered 
alone,  feemi  nearly  as  well  explained  as  any  other  optical 
phenomenon. 


Dr.  Smith*! 

thMry  of  com- 
pound fbundi ; 

<o  not  obitruQ 


T/ie  Hitory  qf  Compound  Smtndi,     Bi/  Mr.  Johm  Gough  ". 

Dr.  smith,  author  of  the  work  on  Harmonics,  takes  for 
granted  in  bis  theory  of  compound  founds,  that  the  pulfes 
which  proceed  at  the  fame  lime  from  a  number  of  founding 
bodies,  do  not  clafli,  or  obftrufl  one  another,  in  their  patTage 
through  the  air.  According  to  this  hjpothefis,  each  fel,  of 
any  number  of  cotemporary  fets  of  pulfes,  flrikes  the  ear 
without  being  confounded  with  the  refl ;  in  confequence  of 
which,  any  number  oi*  founds  may  be  diflinflly  perceived  at 
tlie  fame  time.  On  this  ruppotition,  a  compound  found  is  a 
fenfalion  rendered  variable  by  the  irregnlws manner  id  which 
the  pulfea  of  the  conHituent  founds  fucceed  tt>>one  another. 
For,  if  the  intervals  of  time  between  two  fucceffive  pulfes  of 

'  MancheAer  Memolra,  v.  653.  This  treatife  which  wu  not 
inferted  at  an  earlier  period  in  our  Journal,  on  account  of  the  prcl^ 
fureof  other  maltcr,  has  become  of  Hill  more  inicrcft  it  containing 
tht  theory  to  which  the  author's  lut  difculfion  with  Dr.  Vonng  is 
dir«a*d.— W.  N. 
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one  of  theconfiiliienl  found=  be  nol  equal  to  the  fameintervaUThtinWctiUof 
belonging  to  (he  found  or  founils  which  accompany  it,  the  re-jqy|5"|,j,  ;„. 
coniiary  intervals,  or  fmall  parts  of  time  feparaling  the  pulfescfea/einddimT- 
which  fall  in  fuccellion  on  the  ear,  will  vary  in  magnitude  ;'"    '""    "  ''■ 
m  (he  fame  manner  that  the  diilanees  between  tht  figures  upon"  irn  fcili:  »nd 
the  face  of  a  baromelci'  and  its  nonius  vary,  none  on  ihc  llider 
coinciding  with  Ihofe  on  the  fixed  plate  escepling  the  highell 
and  loweft.     I  have  chofen  (hii  famil  iar  inflruraent  to  illnflrate 
Dr.  Smith's  method  of  explaining  the  phjfieal  caufe  of  com- 
pound found*,  becaufe  it  affords  a  vifible  example  of  a  cjcle 
of  pulfes,  according  to  his  notion  of  the  fubjcfl. 

The  Iketch  which  Fhave  exhibited  of  Dr.  Smith's  hypo- Anoiherihcorr 
thefis  ftiews,  that  he  allowed  that  a  number  of  fimpie  foundft'^''-  ■^""'s'O. 
might  exifl  in  concert,  and  ftrike  the  ear  in  a  diftinfl  manner, 
without  fuffering  any  inicrruplion  in  their  motions  from  the 
interference  of  their  pulfes.     But  a  lale  writer  on  found  re- 
jefls  this  axiom  in  Harmonics  as  a  maihematical  inconfidency  ; 
And  fubflitulen  the  following  theory  of  compound  founds  in  the 
loom  of  it.     If  two  niufical  firings,  drRering  in  their  limes  ol'that  the  pulfti 
vibralion,   happen  to  vibrate  in  concert,  Ihcy  do  nol  occalion      *  "' 
two  dinin£t  founds  in  ihc  opinion  cf  lliia  gentlcmaiii  becaufe 
the  Arings  agitate  the  air  in  conju>i6lion ;  confequcnily  the 
pulfw,  which  one  of  them  would  aQually  form  in  anundif- 
(Urbed  almofphere,  muft  unavoidably  clath  with  Ihofir  which 
the    other  firing    would    produce    in  -fimilar  circumftances. 
Hence  the  waves  of  air  belonging  to  both  Urings  are  inter- 
rupted in  their  natural  progrefs,   and  are  compelled  by  their 
mutual  interference  to  coalefce,  (hereby  producing  a.  new  fuc-indfarmiEcei). 
cetlion  of  pulfes,  conftiluline  a  fingle  found  in  the  place  ol !""  f"""^;,*"' 
two.     This  found  is  of  a  peculiar  kind  ;    for,  the  pulfes  ofunciiual  anddir* 
which  it  confifts,  are  feparaled  by  unequal  intervals  of  time,  l"*^  "  'J""^ 
and  difpofed  in  cycles. 

The  merit  of  (he  preceding  theory,  when  compared  with  EumiDation  of 
Dr.  Smith's  hypothefis,  muR  be  afccttained  by  contrafling  it">«.'"«"ll«<>'^ 
with  a  variety  of  fa&K,  which  are  furniihed  by  the  phenomena 
of  compound  founds,  and  make  a  part  of  every  man'n  expe- 
rience. For,  if  it  be  found  upofi  examination  (obc  (cpugnant 
to  thefe  facts,  it  will  prove  inconfi(lentwi(h  nature,  and  cannot 
tail  of  difappoinling  the  inventor's  cxpeftalions. 

Were  it  polfible  fora  number  of  founds  to  coalefce,  and  formlf  (bundi  conM 
but  one,  the  compound  would  acquire  fenfiblepropcrties  peculiar"*'''" ''"J' 


rl54  TueoRV  or  compctsd  sou^bs. 

to  jUelf,  and  at  ibe  fame  lime  lofe  thediflinguilliingcliarafler 
of  iu  elements,  forae  of  which  aie  incompatible  wilh  tin?  quali- 
in  which  the  or  ''^*  °^  ^n  jtidii-idual.  On  IhU  fuppoGlion,  l!ie  pieli;iice  of 
tnuldnocdiftin-theconfiituei.l  found?  could  not  be  delea«d  by  the  ear  in  Ihb 
Mneniiiirii.  "  "^"'j'  crcaltd  bt-ing  :  nn  the  contraiy,  an  experimental  pro- 
cefs  would  tie  required  to  anal)  fe  every  compound  found  the 
fitft  time  it  atlraaed  a  man's  attention,  for  (he  fame  reafon  ttet 
Chemiwl  com-  "  themift  finds  it  necelTary  lo  anal)fe  a  fubftance  with  which 
fuitaa.  he  is  unacquainted.     The  abfirad  term  coaleftratct  is  ufed,  in 

I  a  phjfiral  fenfL-,  tolignify  any  intimate  union  of  bodies  or  the 

powers  of  bodies ;  and  the  iiitroduciion  of  the  term  into  lan- 
,  S^'S^  proves  the  exiAence  of  the  piiiAple  in  nature,  or  more 

properly  in  the  human  mind.  For,  when  a  number  of  agents 
afl  in  coDJunclion  upon  one  of  [he  fenfes,  we  have  two  ways 
ofcoRc^iving  their  mode  of  operation.  If  the  fenfible  efiedlf 
of  each  agent  be  diftinftly  perceived,  wc  attribute  a  fcparate 
aflion  lo  every  member  of  the  aflemblage,  and  tali  the  aggre- 
gate a  mixture  :  this  is  the  conclufion  of  a  perfun  who  lades 
an  infulion  of  pepper  in  vinegar.  On  the  other  hand,  when 
>ve  knovi'  thai  certain  agents  are  prcfent  widiout  being  able  to 
rt^cognize  their  diflingu idling  powers,  in  tiie  room  of  which 
we  find  qualiLies  of  a  diiferent  delcription,  we  pronounce  the 
aggregate  lo  be  in  a  ftatc  of  coalefcence.  This  is  the  fituation 
ol'  the  chemit),  who  ta(te.<^  common  fait,  but  cannot  perceive 
Cnnpaund  ^'^  prefence  of  fuda  and  the  muriatic  acid.     It  is  roy  buliiief* 

fmoii  m  mil-  [hen  lo  prove  compound  founds  to  be  tniitura,  not  aggregates 
b^tioM?        '  ^y  coalefcence.     This  I  fliall  endeavour  to  do,  by  ftiewing 
that  ihey  have  properties   which   belong  not  lo  individuals, 
fuch  as  a  number  of  tones,  a  variety  of  dtrcdions,  and  feveral 
fets  of  pulfes. 
InlliDcei.    The     T\!^,  the  lones  of  a  flute  and  violin  are  as  dirtinfl  lo  fcnfe 
flute  »nd  viulln    as  any  two  ihings  can  be  when  they  are  founded  fcparately  ; 
•uilliible  in  ton- ^"''  '  appeal  to  common  experience  to  determine,  if  they  are 
seit,  not  equally  difiinfl  when  heard  in  concert.     Taking  it  for 

granted  that  ihe  anfwer  will  be  in  the  affirmative,  I  pronounce 
tbeeouirciofihE  the  aggregate  lobe  a  mixture  of  founds  in  one  cafe.    Secondly, 
two  foundi  ire    jf  ^  violin  found  in  front  of  the  hearer,  and  a  flute  be  heard 
•hen  they  di 9"-  **  '^^   '""""^  '''"^  '"  ^^  "'"''q"*'  fituation,   ihe  pRrfon  thus  cir- 
cumfianced  is  able  to  determine  the  relative  petitions  of  the 
two  inArumenl?,  which  Aiews  the  aggregate  to  have  two  co- 
temporary  diie£lions.    It  is  therefore  &  mixture  of  foundt,  not 
^^  a  lingle 
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B  fingle  found.     Thirdlj,  I  have  found  by  making  the  expe- A  nnmbn  of 

nmenl,  that  any  number  of  mufiral  ftriiigs  may  be  made  WinJ^'^;,;^^^'^,,^ 

vibrate  by  a  compound  found  afiiiig  upon  llit-tn,  provided  ihluhe  tompound 

compound  be  octafioned  by  an  equal  number  ot  ftrings  with  n,"",,  _!!j.l' 

the  former,  having  one  in  tlic  lalter  fet  in  uniTon  tvith  each  oneunJibo  »  nch 

in  the  preceding  fel.     This  i^  at.  cxperimenUl  proof  that  lhero"''P**"'l- 

are  as  many  fett  of  pulfcs  in  an  aggregate  of  Ibundt  as  that 

aggregate  contains  element;,  becaufe  no  Itring  whatever  is  in 

Knifon  with  a  concord  or  difcord.     Lafily,  if  it  were  potlibleirraundicMlifta 

for  found?  to  coalefce,  men  would  newer  hear  any  thing  inore^'  ?   htM^na 

than  one  noife  at  one  lime  :  The  general  hum  would  have  vu-  mying  noile. 

lied   perpetually  from  the  extinflion   of  exiiling  founds  aid 

the  introfion  of  tirelli  one^i;   but  the  human  mind  would  have 

had   no  conception  of  Wo  cotemporary  founds;  bccaule  the 

•ar  being  in  that  cafe  incapable  of  conveying  the  complL-x  fen- 

Iktioii,  the  idea  of  fuch  an  exiltence  would  have  Iranfgrelied 

the  fphere  of  humnn  knowledge.     The  preceding  arguments 

are  di awn,  for  the  molt  part,  from  common  experience;  and 

they  Hxw,  that  the  ti'ee  paliage  of  cotemporary  founds  through 

the  air  may  be  fafely  admitted  as  an  axiom  in  harmonies.     I 

fliall  therelbie  proceed  (o  prove  the  fame  propotilion  lo  be 

confiftent  with  the  doflrine  of  forces. 

The  propugation  of  found  through  the  atmofphere,  and  the  Mechanical 
nalote  of  aereal  puHes  are  commonly  explained  in  elementary  "8 "■"""• 
books  of  natural  philolophy  ;  1  {l\al\,  for  this  reafun,  enume- 
rate only  a  tew  patlicuiars,  the  recolleflion  of  which  will  be 
foDDd  uleful. 

Propofiiion  I.  Two  contiguous  particles  of  air  which  areProp.  i.  Vibn- 
Bgilated  by  a  vibrating  body,  either  direflly  or  by  the  inter- *"""  "f 'hepird- 
vention  of  an  elaflic  niedJuraj.  receive  two  motions  from  eachfauud. 
iiupulfe ;  Jirjf,  an   abfolute  motion  carries   them  to  a  greater 
diftance  from  the  founding  body,  and  afterwards  brings  ihem 
towards   it   again,  bofh   the  progrcl's  and   regrets  being  per. 
formed  in  the  lime  of  a  fingle  vibration :  JfconiJ,  a  relative 
motion  refultiog  from  the  former,  compels  the  two  panicles 
to  approach  and  recede  alternately,  which  double  motion  is 
»lfo  accomplilhed  in  tlie  time  of  a  fingle  vibration. 

I'ropolition  11.  Both  the  abfolute  and  relative  motions  are  Prop.  i.  The 
greatett  amongll  thofe  particles  which  are  nearell  the  foundingP"''^!"  '"  ""' 
body,  and   they  diminidi  as  the  diftance  from  that  body  in-  "      J"™"'  ■ 
eifiiei;  but,  in  aU  cafes,  thechangeofiti  place  loo  fmall  toba 
perceived 
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perceived  by  the  ear,  en  which  account  every  parlide  pte- 
ferves  a  lixed  pofiiion  m  refpctl  ol  ihU  organ  and  its  connec- 

For  each  corpurde  is  conlined  within  Uic  circumference  of 
I  t^^nghi  >  phyfical  right  line,  the  diameter  of  which  is  delermined  by 
Is  own  abfoiute  motion. 
Prop.  5.  A  i»r-  Propofilion  III.  If  two  founding  bodies,  affbrdbg  diiferent 
^'""^J''""^ notes,  aCl  in  conjunflion  upon  the  fame  particle,  through  the 
fvwt  af  pBtklu  media  of  two  right  lines  of  ftmilar  particles  connefting  ihem 
ctmnylnK  dif-    ^ith  il,  this  particle  will  be  urged  at  the  fame  inftant  in  the 

fertnl  loandii       .-      „.  ,-     i     r     t-  .  r-  ,       ■  n      . 

will  be  urged  in  direction  ot  thele  hnes,  by  two  forces  having  an  inconftant 
tbofelioeiby      ratio. 

^Aeu  Rdo.  ^^^'  '^'  ^^  pa.rticle  A  be  urged,  by  the  Hcuter  found,  in 

the  line  SA,    and  by  the  graver,    in   the  line  TA ;    (vide 
Fig.  2,  Plate  IX.];  llien  the  contiguous  particle  V,  placed 
in    SA,    will  approach    to,    and   recede  from  A  more  (re- 
I  quenily  ihan  W,  fimilarly  placed  in  TA,  by  Prop.  I.  :  coirfe- 

I  quenily  the  force  of  V  upon  A  will  vary  in  a  quicker  mannet 

than  the  force  of  W  upon  A  ;  but  this  variation  of  ratio  if 
limited  in  lime;  becaufe  it  evidently  begins  and  ends  with  the 
cycle  of  the  vibrations  of  the  founding  bodies, 
frrop.  4.  The        Propofilion  IV.    The  coalefcence  of  two  founds  is  iropof- 
li^rfrf^  p«-  ^^^^  ""  mechanical  principles. 

licit  BtwiTirj  18  For,  fuppofe  the  thing  pollible ;  then  the  coalefcence  of  two 
^  ''  founds  requires,  that  a  particle  of  air  thould  pollefs  3  motion, 
impoRihlc.  compounded  of  the  motions  which  the  two  founding  bodies 
would  impart  to  it  feparately  ;  and  that  this  compound  motion 
fliould  act  in  a  given  right  line,  for  an  allignablc  part  of  time, 
olherwife  il  could  not  excite  a  fimilar  motion  In  ihc  elaftic  par- 
ticles occupying  that  given  right  line.  Let  A  be  fuch  a  par- 
ticle, and  let  the  confiru^ion  ufed  in  ihe  lall  proportion,  be 
retained;  confequently  (Principia,  Prop.  23,  Lib.  2.)  VA 
and  AW  are  in  the  ratio  of  the  forces  that  afl  at  any  moment 
in  the  right  lines  TA  and  SA.  Make  AK  as  AW,  and  draw 
KL  parallel  lo  AW,  and  make  it  as  AV;  alfojoin  AL;  then 
will  the  particle  A  be  urged  in  the  dire Ai on  LA  at  that  inliant. 
But  the  ratio  of  AK  to  KL  varies  perpetually,  by  Prop.  Hi. ; 
therefore  the  fpecies  of  the  triangle  AKL  is  equally  inconftanl; 
confequently  the  compound  force  docs  not  aft  in  a  given  di- 
reflion  for  an  aflignable  part  of  time.  Nov?  (he  produflion 
and  propagation  of  motion  in  a  given  right  line  requires  force 
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to  be  combined  witli  time,  which  combinalion  is  wanting  in 
the  prefenl  inftance;  wherefore  ihc  coalefceiice  of  founds  is 
■inpolliblc. 

Propofilion  V.    Il  may  be  demon  ft  rated  from  mechanical  Pf^  S-  ^'^-       ^ 
principles,  that  a  number  of  diftinfl  colemporary  founds  cannot  r„y  foundi  sio- 
do  otherwife  than  produce  diftinfl  Icnfationi.  ^"^  ^i^'ma        . 

In  order  to  make  the  necelfary  diagram  as  iimple  as  podible,    "*    "^ 
let  the  direflions  of  two  colemporary  fels  of  pulfes  be  repre- 
fented  by  the  right  lines  SM  and  TN,  lying  in  the  fame  hori-  j 

zontal  plane,  and  inlerfcaing  in  the  point  A  ;  alfo,  let  BCD  J 

be  the  horizontal  fedion  of  the  hearer's  head,  made  by  Ihc  ! 

fame  plane ;  and  fuppofe  the  centre  of  the  asis  of  hearing  to 
be  at  O  ;  draw  OM,  ON  perpendicular  to  SM,  TN.  Novv 
I  have  (hewn  in  the  preceding  paper*,  that  if  a  fct  of  pulfes 
move  in  either  of  the  right  lines  SM,  TN,  it  will  excite  a 
ienfation  in  that  part  of  the  head  which  is  cut  ofFby  a  vertical  j 

plane,  palling  through  one  of  the  perpendiculars  OM,  ON,  ^        R 

It  alfo  appears  from  the  lall  proposition,  that  ihcimpulfcs  of  I 

the  vibrating  bodies,  afling  in  the  lines  SA,  TA,  do  not  com-  j 

pel  the  particle  A  to  move  in  any  given  intermediate  direflion, 
as  La.  But,  according  lo  ||ie  fccond  propofitton,  ihe  pt^rttipn 
of  Ihe  particle  A,  is  fixed  in  refped  of  the  planes  MO,  NO ; 
that  is,  though  the  corpufcle  aflually  changes  place,  in  refpeift 
of  the  geometrical  point  A,  it  is  always  found  in  the  inlcrfec- 
tion  of  the  phjiical  right  lines  SM,  TN.  Now  the  two  vi. 
brating  bodies  continue  to  a&  in  the  directions  of  thefe  right 
lines,  confequently  the  particle  A  is  couflantly  urged  in  Ihcfe 
lines  by  two  forces,  which,  though  variable  in  magnitude,  are 
combined  with  time;  which  circumfiance  enables  the  corpufcle 
lo  tranfmit  the  impulfes  of  one  body  lo  M,  and  tliofe  of  the 
other  to  N.  What  has  been  demonfirated  of  the  particle  A, 
may  be  alhrmed  of  any  other  particle,  which  is  the  intcrfcc- 
tion  of  two  right  lines  parallel  to  SM,  TN  ;  in  other  words, 
it  may  be  affirmed  of  two  lets  of  pulfes  ;  and  llie  fame  de> 
monfiration  may  be  extended  to  three  lets,  &c. 

Corollary  1.  The  fubllance  of  this  and  the  preceding  pro-Thcfe  propofl- 
pofilion  will  apply  to  all  elaftic  mediums;  iience  it  I'^ppens,  J™"j'P''jJ  " 
that  a  plate  of  glafs,  &c.  in  a  ftate  of  vibration,  will  conduft  duAed  ihio.il 
•  foreign  found,  whiia  it  produce*  one  of  Its  own;  for  the*"''''''  **■ 

*  MuicheAer  Mem.  t.  342,  or  Philof.  Journil,  II,  460. 
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H  fame  rufun,  it  light  be  confidered  as  a  vibrating  medium,  ons 

r  parlicle  of  llie  luminous  fluid  may  aOiA  in  uanfmitiing  two 

fenfalions. 
The  dirtflloni        Corollaiy  2.    When  the  inclination  of  llie  planes  MO,  NO, 
will  mt  be  pel-  jj  jgfj  ihaj,  ^  g,ven  angle,  the  ear  cannot  difiinguifh  the  rel»- 
iiiey  dirtci  by  a  ^'^^  poliiton*  of  the  founding  bodies ;  it  iherefoie  tefers  them 
MruiQ  laglc.       to  the  fame  place. 

The  fi(fl  lime  J  pcrufed  Dr.  Smith's  Harmonics,  Dr.  Young*! 
objsflion  occurred  to  me ;  but  the  preceding  train  of  argu- 
es menti  removed  the  fcruple,  without  difcovering  the  author's 
^K  rcafoni  for  treating  this  article  of  hi^work  with  fo  much  bre< 
vity.     Perhaps  the  demonllration,  which  coft  me  an  effort  of 
Itudy,  was  an  intuitive  canclulion  in  his  comprehenlive  mfnd. 
JicetTilDf  As  fo&n  at  (he  propofition  was  ell abl idled,   I  alfented  to  his 
fuuwi.  dctinilion  of  an  interval  of  found,  allowing  it  to  be  a  quantify 
I  of  a  certain  kind,  terminated  by  a  graver  and  anacuter  found. 
H                      The  demonltralion  of  Prop,  V.  convinced  me,  that  intervals 
P  of  this  fort  may  be  fub<iivided  by  the  inlerpoliiion  of  one  nr 
more  intermediate  foundi,  which  concettion  formed  the  bafii 
AnalyfiiaFthe   of  my  analyfis  of  the  hjman  voice."     Speculative  men  maj 
humin voice,      ^iff^,  ;„  opinion  about  the  origin  of  the  fmall  intervals  which 
form  the  tones  of  various  voices  ;  but  they  niuO  exiH,  whether 
we  a(i:ribe  them  to  an  und  ulating  motion  like  that  of  a  flretched 
cord,  or  to  the  colemporary  vibrations  of  a  fyftem  of  elafltc 
bodies.     It  does  not  appear,  that  Dr.  Young  was  acquainted 
with  my  paper  at  llie  lime  hecompofed  hisown;  but  he  found 
it  neceffary  to  allow  llie  lone  of  the  larynx  to  receive  various 
modiRcations  from  the  vibrations  of  the  adjacent  parts.     His 
theory  therefore  dilfers  from  mine  in  this  particular  only  :  he 
pronounces  the  voice  to  be  a  compound  by  coalefcence ;  I 
deny  the  pollibliliiy  of  Inch  a  compound,  and  call  it  a  mixlurs 
of  imperfecl  unifons.     This  mixture  appears  to  be  a  fiugle 
found,   becaufe  it  has  but  one  dircflion  ;  for  the  protiimlly  of 
the  various  parts  contributing  to  the  formation  of  it,  difquatiBe* 
the  ear,  fo  that  it  Cannot  perceive  their  relative  pofiliDns,  and 
compels  it  to  teler  them  all  to  one  place,  by  Corollary  2  to 
propolitian  V. 

•  Manchdler  Mem.  v.  iS,  or  Phil.  Journal,  Qyirto,  IV.  iS. 
for  an  abridged  ftjteraeiu. 
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A  certain  clafs  of  Tounds,  which,  for  the  fake  of  brevity,  CWt  of  fgunJi 
'  *ere  not  noticed  in  my  paper  on  Ihe  voice,  deferve  a  place  in  Jujc^"ut(^flij„ 
the  prefent  communication.  If  a  tinely-toothed  (ile  pafs  tlowlj' oFoiher  rjundi; 
over  a  fmoolh  elailic  fubaance,  fuch  as  a  piece  of  horn,  it  '{>'  S'*  8'"i"i 
makes  a  grating  noife;   but  if  the  velocily  of  the  iiiftruoient  bepiuj,,  md  the 
fufficienlly  increafed,  a  continued  found  is  produced,  which ''"=' ■'""''•* 
becomes  more  or  lefs  acute,  by  giving  a  quicker  or   llower 
notion  to  the  file.     The  grating  noife  is  occafioned  by  a  fuc- 
cedion  ul  Qiort  interrupted  founds,  refuliing  from  ihe  united 
vibrations  of  the  file  and  the  body  it  fcratchcs;  but  the  quick 
fucccfiiouof  thefe  founds,  caufed  by  an  increafe  of  velocity, 
gives  cife  to  a  fecondary  found  refumblmg  the  harmonical 
notes,  being  produced  by  a  like  caufc.     Now  this  found  be- 
comes a  primary  objccl  with  tht;  ear.  In  all  probability  becaufe 
the  pitch  of  it  may  be  varied  ;  for  the  firll  founds  proceeding 
from  the  aflion  of  the  file,  evidently  fupply  nothing  but  the 
tone.     Many  in/lances  of  the  kind  occur  in  art  and  nature  ; 
(he  notes  of  all  reed -in  ft  rum  en  Is  are  of  this  defcription,  and 
Ihe  voice  muft  be  referred  to  the  fame  clafs,  betaufe  the  la- 
rynx refemblcs  a  leed-inftiumenl  in  lirudiure. 


VI. 

Eiftrimenli  nnd  Ohfervatiom  to  determine  whelher  the  Suantiti/ 
(if  Rain  and  Devi  ti  eijuat  to  ttie  auantiti/  qf  tVater  curried  uff" 
btj  the  Rivert  and  raijed  by  Evaporalion ;   viilh  an  Enquiry  inlo  i 

llx  Origin  f/Springt.     By  Mr.  John  Dalton  *. 

It  is  fcarcely  potTible  to  contemplate  witliout  admiration  the  Inttrcllini  ljt~ 
beautiful  fyllem  of  nature  by  which  the  furface  ofthe  earth  is^^  teVi'"':''' 
continually  fupplied  with  water,  and  that  unci'afing  circola-piird  with 
lion  of  a  fluid  fo  elfenlially  necelfary  to  tlie  very  being  of  the  *""■ 
animal  and  vegetable  kingdoms    takes  place.      Natumlilis, 
however,  are  not  unanimous  in  their  opinions  whether  the  rain 
that  falls  is  fuRicient  to  fupply  tJie  demands  of  fpting^  and  ri- 
vers, and  to  afford  the  earth  bolides  fuch  a  large  portion  for 
evaporation  as  it  is  well  known  is  raifed  daily.     To  sfcertain  whdhtnhe 
Ihis  point  is  an  objeflof  importance  to  the  fcience  of  agricul- "i"  lKcqLilt» 
ture,  and  to  every  concern  in   which  the  procuration  and J^f ,, ',^^(_' 

•  Man clitfter  Memoirs,  V.  346, 
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management  of  water  mikes  »  pari,  whether  Tor  domeflic 
purpoles  or  for  tliearU  and  m an u futures. 

For  llie  Hike  of  perfpicuily  1  liavc  dUlributed  the  fubjea 
under  four  beads : 
lofih*       1.  Of  Ihe  quantity  or  rain  and  dew. 

2.  or  the  (jiiantity  of  water  that  flows  into  the  fcs 

3.  Of  the  quantity  of  water  raifed  by  evaporation, 
+,  of  the  origin  of  fprJngs. 

SECTION  I. 
At  EfilmaU  qf  tie  Quantity  nf  Ra'n  and  Dae  ihatfaHs  in  En^and 
and  IVaUs  in  a  Yfar. 
Annua)  quiniiiy  Rain-gage*  liave  been  fixed  of  late  years  in  almolt  every 
of  niD  ind  dew  part  of  llie  kingdom  j  by  meani  of  lliem  we  are  enabled  to 
W^!'"''  '"^  determine,  with  tonfiderable  eMaflnefs,  the  depth  of  water 
lalind  couniiei  that  the  rain  yields  in  any  given  place.  Inland  counties  have 
SmcoiV-"  d'^'*  '^'"  ''""^  '""'''''"^  one",  efpecially  thofe  which  border  on 
Duunbinoui  the  wcdern  feas.  But  a  flill  greater  difference  feenis  to  take 
difttiftihivt  place  between  a  mounlainous  country  and  a  champaigne,  or 
flat  country  :  in  the  former  there  oflen  falls  double  or  Itiple 
thc!  quanlily  nf  rain  in  a  year,  that  there  doe«  In  the  latter, 
and  never  lefs  ihan  an  equal  quanlily.  It  may  be  obfcrved, 
tliat  feveral  years  account  of  the  rain  at  any  place  is  required 
before  a  niedium  yearly  quanlily  can  be  obtained  with  fufli- 
cient  accuracy.  The  following  is  perhaps  the  largeft  collec' 
tion  of  acconnts  of  rain  /alien  in  dilTerent  place;  in  England 
that  has  hitherto  appeared  :  They  arc  moftly  taken  from  the 
Tranfaflions  of  the  Koysl  snd  oilier  Societies, 

Mean  iiurnal  depth 
iu  tabu-  Cmmtia  (taartlinie)         Fhcfs.  in  Inchet. 

Cumberland     -    -     Kefwick,  7  years        -      -      C7.  5 
Carlifle,  I  year      -      -       -    20.  2 
Westmorund      -      Kendal,  1 1  years 
Fell-foot,  3  years 
Wallh  Sutlon,  5  y 
Lakcasuirs      -     -     Xancaller,  10  year 
■^  Liverpool,  i^S--. 

IVIanchef^j  9  years 
Townley     '    - 
Crawfliawbooth, 
den,  2  years 


oil    KAIir,     BVA^OSATIOK. 


tounties  (maritime) 


Kent 

Essex 

NOKP 


Plac, 


McinaiuiuilJtpdi 


29.  2 


Briftol,  3  years 

Bridgewatar,  S  years     -       -  2£».  3 

■  Ludguan,  near  Mount's  Bay, 

5  years     -..-.-  41 

Another  place,   I  year     -     -  29.  9 

.     Plymoulli,  2  years    -     -    -  46.  5 

-  Selbourne,  9  years  -  -  -  37.  2 
Fyfield,  7  years      -    -     -     -  25.  9 

■  Dover,  5  years  -  -  -  -  37.  i 
Upminfler, 19.  5 

-  Norwich,  13  years  -  -  -  25.  5 
Barrowby,  near  Leeds,  6  years  27.  5 
Garfdale,  near  Sedbergh,  3  y.  62.  3 


Widdri 
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Comtiei  {inland} 

Places. 

Meara. 

MlDDLSSEX      .      - 

-  London,  7  years     -     -    . 

.    23 

Surrey  -    -    -    - 

South  Lambelli,  9  years     ' 

-  22.  ^ 

Hertfordshire 

-    Near  Ware,  5  years      - 

-      25 

HliNIIKODONSHIR 

Kimbohon,  7  j.'ars    -     . 

-     25 

Derbyshire     -     - 

Chatfworih,  15  years     - 

-      27,  8 

RuTLANDSHIRt       - 

Lyndon,  21  years  -     -     ' 

-     2*.   3 

^OKTKAKrTONSHI 

IB  NearOundle,  U  years     - 

-     23 

General  Mean    - 

-     35.  « 

This  general  mean  of  33.  2  inches  is,  I  apprehend,  a  little  Mein  quuiticr 
above  the  medium  for  England  and  Wales,  as  the  greater"^"'''* 
number  of  places  are  thole  vtherF  much  rain  falls.  Ifwe  take 
a  mean  for  each  o<  the  above-mentioned  counties  (where  more 
than  one  place  in  a  cotmly  is  given)  and  then  a  general  mean 
from  the  counties,  llie  [cluU  is  a  reduced  mean  of  31.  3.  Even 
then  it  may  be  objected  that  the  greater  part  of  the  counties 
are  maritime;  but  it  mult  be  oiiferved,  that  there  is  no  ac- 
count of  rain  in  Wales;  and  we  may  fatcly  conclude,  that 
the  rain  in  Wales  would  exceed  the  lail- mentioned  mean  ai 

Vol.  IV      March.  M  nugh 


as  miK,    BVA7ot(ATtos,   See. 

much  as  Ihc  inland  counlies  of  England,  not  in  ihe  abofc  liff, 
would  (all  iliori ;  becaufe  Wales  is  bolb  a  mountainous  coun- 
try, and  expufed  lo  the  fi-a. 
Cotrefleil  is  V        We  will  therefore  conclude,  that  the  mean  annual  deplli  «f 
lud taiV/^ts.  "'"  '"  England  and  Walt-s,  deduced  from  llide  21> counties, 
is  3  [inches:  A  qu&ntily  which  fubfuquent  obfervslions,  lain 
■  confident,  will  not  diininiib,  and  probably  not  increafe much*. 

B  IQMniitrofile*.  li  remains  to  eliimale  the  quanlilj'  of  dew  that  CalU  in  a- 
ilted  by ihfi toW  y^"'"'  Some  have  doubled  wliellier  duw  is  derived  from  the 
of  nigbt.  air  or  [he  earth  ;  but  a  proper  allcniion  to  the  phenomena  will 

falisfy  m,  that  it  is  a  depofilion  of  waler,  evaporoted  during 
the  heat  ofthi;  day.     With  refpea  lothe  quantity  il;at  fall*  in 
L  a  jear,  we  are  much  al  3  lof.,  as  no  daily  obfervations  have 

H  been  made  for   a  fcrie^  of  lime  that  I  know  of:  indeed,  it 

^B  would  be  ditficult  (o  prcfcribe  a  mode  of  obfervation.     Dt. 

^KkWinin  b;  D>.  Hales  ■[  relates  fome  experiments  made  Lo  delennine  the  quan- 
^K'**''**  (ily  at  dew  Uiat  fallt  iipoii  inoift  earth,  from  which  he  eff immles 

V  the  annual  dew  al  3.28  ini.-he-'.     But  it  is  probable  thai  iJic 

dew  which  is  de]>oriied  on  giafi  is  much  mure  copious  ihan 
what  tills  on  moift  eartli.  becaufe  Rrafs  cxpofcs  much  more 
>nrmJqDiMUyfur(atcinagivcnacfeotE'"oiin(I,  it«e  lake  the  dew  al  five 
i^«ir(h«"  "  '"*^*'*'*  annually,  Jt  will  probably  not  be  much  over-rated  : 
fuppodng  itihuuld  be  owr-rated,  the  n'ltcefs  may  Hand  BgainA 
the  rain  ihal  is  loll  by  evaporation  from  the  furlace  of  the  rain- 

tgage  each  time  it  rains  f.     Whcrcibre,  upon  tlie  whole,  we 
flial] 


"  Thetiiiior!  of  (hi- Encyclopedia,  under  the  article  Weaiher. 
from  16  places  of  ohftrvation,  make  ihe  annual  mean  for  Great 
Britain  32.  bJ  inches ;  and  M.  Cotle,  In  the  Journal  de  Pbyfique. 
for  17!>1,  gives  a  mean  derived  from  M7  placet  iiidilTcttiilparliaf 
the  world  ngual  to  34.  7  inches. 
i  Veg.  StilLes,  Vol.  f,  page  52. 

{  Since  writing  the  aboi^  paragrapb  on  dew,  I  Ian  had  occa' 
fion  to  make  fevcrnl  experiments  on  Ihe  rDbjcft  of  at)ueiiut  vapour, 
as  il  exifti  in  the  atmofphere,  the  refult  of  whicti  will,  1  am  per- 
fuaded,  materially  illuftraic  thit  important  qucftion  in  phyfics. — At 
prefent  I  Ihall  only  ohferve,  ihat  the  fallowing  conelulions  fecm 
dcducible  from  the  experiments  above  refeiTed  to. 
Ccnenlitiei  '■  Thai  aqueous  vapour   is  an  claltic  fluid /uf  j-fn^r/j,  diffiifible 

concerning  iquc-  in  the  atmofpheie,  but  forming  no  chemical  combination  wiili  it. 
UBS  vapor.  o.  That  temperature  ibiie  limitt  the  iiMXfmirM  of  Taponr  in   ift* 

Mmo%here. 

3.  That 
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fliall  have  36  inches  of  water  at  a  medium  annually  on  the  Annu.l  quinrit] 
furfacEof  the  earth  in  England  and  Wales,  reckoning  31  <""' je'^ti^"^ ''"' 
rain  and  five  tor  dew. 

According  to  Gntlirie,  [he  area  of  England  and  Wale?  isCompuiedqoui. 
*O\430  fquare  miles.  This  reduced  to  fquare  fL-el.  g'ves  "l^"/ "'J^ 
1.S78.5B6.630.000:  which,  mulliplied  by  three  feet  the  an- cubic  inii«.  or 
Bual  depth  of  rain  and  dew,  gives +.135.760.690.000  cubic  "5 'l"^'"* 

•^  "  ■  ,  ■    million  of  EoMt 

feet  ol  water  =  153.176.320.000  cubic  yards,  or  23  cubic 
miles  =  1 15  tlioufand  millions  of  tons  in  weight,  nearly.  We 
mult  now  conlider  how  thi>  enormous  ijuantity  of  w&tei  is 
difpofed  of. 

There  are  two  principal  ways  by  which  (he  water  derived  It  i«  air'iti  off 
from  rain  is  carried  olf  again :  one  part  of  it  runs  ofTimme-  fpV^^'fl^t, 
diately  into  rivulets,  or  finiti  into  the  earth  a  fmall  way,  breakte.apoittiooi. 
out  again  in  lower  ground   in  the  form  of  fprings,  thence 
makes  its  way  to  fnme  river,  by  which  it  is  conveyed  into  the 
fca — another  part  is  raifed  inlo  the  almofphere  by  evaporation. 
We  take  no  notice  here  of  the  decompoHiion  of  water  by  ve- 
getables; becaufe  it  is  prefumed  that  in  the  courfe  of  nature 
tiie  principles  are  combined  and  wat-er  formed  again. 

3.  That  (here  eziQt  at  all  timet)  and  in  all  placrs,  a  quantity  of 
Bqucous  vapour  in  the  almolphcie,  .variable  according  to  circum- 

4.  That  whatever  quantity  of  aqueous  vapour  may  cxift  in  ihc 
Btmofphere  at  any  time,  a  certain  Kroperalure  may  be  found,  below 
which  H  portion  of  that  vapour  would  Unavoidably  fall  or  be  depo- 
sited in  the  form  of  rain  or  dew,  but  above  which  no  fuch  diminu- 
tion could  take  place,  chemical  agenc}'  apart.  This  point  may  be 
called  the  exIriMi  imipfrMiirt  of  vapour  of  that  denfity. 

5.  And  that  whenever  any  body  colder  than  the  extreme  tempe- 
rature ot  the  exilling  Vapour  ii  lituaied  in  (be  atmolpherei  dew  it 
depofiled  upon  it,  the  quantity  of  whith  varies  as  the  furface  of 
ihe  body  and  the  degree  of  cold  below  the  extreme  temperature. 

N.  B,  The  txtrrait  temperatm-r  of  vapour  in  ihe  atmofphere  va- 
liet  all  the  way  from  the  aclimt  temperature  of  the  atmofphere  to 
lO,  15,  20  or  more  degrees  below  it.— The  point  may  generally  be 
round  in  the  hittirft  months  by  pouring  cald  fpring  water  into  a  dry 
and  clean  glafs,  and  marking  what  degree  of  cold  is  fufficieni  to 
Jwoduce  a  dew  un  ihe  outGde  of  the  glafi  ;  at  other  times  frigoriflc 
filine  folution*  may  be  ultd. 

Ms  SECTION 


FOH     KAIH,      EVAPORATIOK,     &«.  ^^H 

SF.CTION  4^H 

.*/.  EJiiniatr  nflhr  Siiaiititj/  oj  ll'"l<r  that  S.ia.i  tnto  the  Stafiol^^ 


EKglaiiri  and  Wale»  ii 
Method  nfdi.  Jo  calculate  Iht  quantity  of  water  that  flows  ttown  anyone 
™il!!l!^,"'  rlveri.itothcti^inag.vunlime,  Items  at  l^rft  view  a.|ueftioi» 
flowj  thunufh  1  of  great  difficulty.  The  necclTary  data,  however,  may  be 
""*''  obUined  with  conliderable  exaflnefs,  by  proper  obfcrvations, 

and  then  it  becomes  aneafycafeof  menfuralion.  Dr.  Hutton,^ 
In  his  Philos.  and  Matliemat.  Diflionary,  article  River,  pnt- 
pofes  a  very  good  method  to  determine  by  experiment  the  ve- 
locity of  a  river  : — A  cylindrical  piece  of  fight  wood,  itslengih 
fomewhat  lefa  than  the  depth  of  the  waters,  is  to  be  taken, 
and  a  few  fmall  weights  attached  to  one  end  in  order  to  make 
it  fwim  Upright.  To  tbe  other  end  a  fmall  rod  is  tixed  in  the 
centre  in  direflion  of  the  axis.  This  being  fuflered  to  float 
down  the  ftream  will  move  with  the  velocity  of  the  watei*i 
and  if  the  rod  be  obferved  to  incline  towards  the  river  upward 
or  downward,  it  (hews  the  current  to  be  more  rapid  al  the 
bottom  or  furface  rcfpedively. 

This  experiment  being  inatJe  in  the  middle  and  near  ihs 
fides  of  a  rivei,  a  medium  velocity  maybe  obtained.  Then 
the  medium,  breadth,  depth,  and  fpace  run  over  in  a  certain 
time  being  multiplied  togetlier,  will  give  the  quantity  of  water 
that  Rows  down  in  that  time. 

Dr.  Halley,  in  order  to  elliniale  the  <]uanlity  of  water  that 
flows  into  tiie  Mediterranean  fe^  by  mean*  of  rivers,  make*  a 
comparifon  of  the  great  rivers  of  Italy,  &c.  with  that  »f  thai 
t«  of  «.- Thames.  (Philos.  Tranfaft.  Abridg.  Vol.2.  Page  110).  He 
^^_  ^^  alTumes  the  breadth  of  the  Thames  al  Kingfton  Bridge  to  lie 
100  yards,  its  depth  three  yards  and  velocity  two  miles  pet 
hour.  He  profflTedly  over-rates  the  dimenfiDni,  in  order  to 
allow  more  than  a  fufficieiicy  for  the  llrcams  received  below 
Kingdon.  This  affamption  give?  the  area  of  a  traiifvcrfe  fec- 
tion  of  the  river  ;=  300  fquare  yards,  and  tlic  quantity  of 
water  flovving  dovro  =  20.300  000  tons  in  a  day.  Thismufl 
be  over-rated  by  at  leafl,  I  think,  one  third  :— If  the  breadth 
be  alTumed  100  yards,  the  depth  tlirec,  and  velocity  two  mitei 
per  hour,  it  wilt  then  give  ^  of  the  refult  above  mentioned ;  or 
it  will  amount  to  the  fame  thing  if  we  take  J  part  from  all  the 
three  data  aifumed  by  Dr.  Halley,  the  refult  being  }  of  that 
above. 


i 
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above,  amnunling  in  tlie  year  lo  166.624-.12B.OOO  cubic  feet, 
wiiicb  is  a  lillle  niofe  than  ,'^  part  of  all  Uie  rain  and  dew  in 
England  and  Wales  In  a  year,  as  above  deduced. 

By  an  infj«aion  of  the  annexed  map  of  the  rivers  of  ''''»y;*J,^g|,''^ 
country,  as  well  ai  by  a  fair  calculation,  it  appears,  liat  the  ^j')^  wdei. 
water  of  the  Thara<M  is  drawn  from  an  extent  of  country  of 
about  600  fquare  miles,  or  ^  of  the  area  of  the  whole,  marly. 
The  Sev-ern,  including  the  Wje,  fpreadi  over  an  equal  or 
greater  extent  of  country  ;  and  that  colleflion  of  rivers  which 
conftitutes  the  Humber  Jx  fuperior  to  either  of  llie  other  two 
in  this  refpect.  As  far  as  my  own  obfervation  goes,  the  Se- 
vern and  Wye  mull  difembogue  as  much  or  more  water  than 
the  Thames;  the  Humber  1  have  not  feen  colleaedly,  but 
bave  noticed  moA  of  the  branches  conlliluting  It,  and  Ihould 
apprehend  it  cannot  be  infecior  lo  the  Thames  :  all  other  cir- 
cumnances  being  the  lame,  the  quantity  of  water  carried 
down  by  any  river  fliould  be  as  the  area  of  tlie  ground  from 
which  the  water  ii  derived,  and  on  thi^  account  the  Humber 
ought  lo  e\ce«d  the  Thames  •.  ' 

The  Severn,  which  is   partly  derived  front  the  mountainouiindtlMdiAriai^ 
country  of  Wales,  is  certainty  llic  moft  rapid  uf  (he  three  ti-  -j' 

vers,   and   probatJy  carries  down  the   moll  water ;    u  the  "^^^^ 

Thames,  however,  is  generally  cunfidered  to  take  the  lead,  ^^^^| 

we  will  fuppofe,  upon  the  whole,  that  thefe  three  rivers  are  ^^^H 

equal  in  this  refpea.  ^^ 

The  counties   of  Kent,    Sutfex,    HampAiire,  Dorfetfiiire,  which  lufflj 
Devunlliire,  Cornwall,  and  Someifellhire,  from  the  Medway ''^*''''*'** 
to  the  lower  Avon  inclufively,  in  an  extent  of  1  l.tXX)  fquare 
miles,  do  not  prefeni  us  with  many  large  rivers.     From  their  ' 

nnraber  and  magnitude,  we  cannot  form  a  high  ellimate  of  j{ 

their  produce.     The  quantity  of  rain  fur  thofe  counties  is  in-  ' 

deed  near  the  average  for  (he  kingdom,  as  far  as  the  preced- 
ing ubfervaiions  determine  i  but  the  milder  Icmperature  of 

tlicit  winters  and  greater  he;it  of  tlieir  fprings  and  fummen,  j 

will  caufe  a  greater  evaporation  than  in  fome  other  parts :  It  ^^^M 

is  probable  the  rivers  in  tliefe  counties  may  amount,  when  ^^^H 

taken  together,  to  l{  times  the  magnitude  of  the  Thames.  ^^^H 

The  rivets  that  tlifembogue  their  waters  on  the  coaft  of  Lin-  ^^| 

*  A  more  perfeft  theorem  will  be  given   afterwards,  for  finding 
the  ijiiintity  of  watei  carried  down  by  any  river. 

coInHiire, 
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cfilnftiire,  Norfolk,  Suflblk  and  Eflex,  from  ihe  Humbet  lo 
Ihe  Thames,  though  dra-wn  from  a  counlry  of  7000  fquare 
miles,  nianifellly  fall  far  (hoft  of  the  Thames.  The  two 
places  in  Ihis  difiriff,  for  which  we  have  atcounts  of  the  rain, 
Norwich  and  Upminfter.  give  a  mean  of  only  22  j  inches  an- 
nually. This,  with  the  flatnef*  of  the  country,  which  pre- 
vents the  water  flora  running  olT  in  fome  degree,  makes  the 
rivers  much  lefs  ihan  what  might  olherwife  be  expefled  ftom 
the  extent  of  ground.  There  are  but  three  or  four  ofany  con- 
fequence.  Probably  all  the  rivetj  may  amount  lo  half  the 
Xlze  of  Ihe  Thames.  There  remains  above  6000  fquare  miles 
in  Wales,  from  the  Wye  to  the  Dee,  inclufive  of  Ihe  laft,  and 
the  northern  counties  of  Lancafiar,  Wcllmoreland,  Cumber- 
land, Northumberland,  and  Durham,  with  part  of  Cheftiira 
and  a  fmall  pari  of  Yorklhire,  from  the  Merfey  round  by  tho 
Tweed  to  llie  Teesj  amounting  to  7  or  800O  fqjiare  miles,  to 
beelbmaled. 
upon  Thefe  two  divifion?,  (hough  not  larger  than  fome  others, 
^Jllfid'rtd'""  abound  in  rivers,  many  of  which  are  confiderable  in  magni- 
Mrryingoffti  tudeand  of  greal  rapidity.  The  rains  at  an  average,  it  is 
iiicheiouiofiiiepfjjjjljlg^  ^^^ ''""'''^  ^^^'  they  are  ill  the  S.  E,  counties  of  tha 
UDgillT'  kingdom.     The  rivers  in  thefe  two  diftrlfts  cannot  fairly  be 

eftimated,  I  think,  at  lefs  than  four  limes  Ihe  Thames.  It 
appears,  ihen,  that  by  this  eftimation,  the  water  carried  off 
by  all  the  rivers  in  England  and  Wales,  may  amount  to  nint 
times  that  carried  oil"  by  th«  Thames  =  13  inches  of  rain. 
There  remains  Itill^feen  times  the  water  of  the  Thames, 
23  inches  of  rain  to  account  for,  before  we  have  difpol 
all  the  rain  and  dew. 


.fcd^^ 
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Jtn  EJlimale  r^the  Quantity  of  H'alei-  raifed  btf  Evaporation. 

poMtioa  Upon  looking  over  Ihe  furface  of  any  country,  three  priD> 

cipal  varieties  of  furface  prefenl  Ihemfelves  to  view,  as  far  as 

refpefls  evaporation,  namely,    uatur,    ground  covered  with 

grafs  and  other  vegetables  and  bare   foil.     The  diiltculties 

that  occur  in  attempts  to  find  the  quantity  of  water  evaporated 

in  ihofe  three  cafes,  are  perhaps  the  principal  reafon  why  our 

knowledge  on  Ihis  head  is  fo  imperfefi. 

n  niwi,  bire     As  far  as  experiments  hitherto  made  authorife  us  lo  draw 

,  jrd  e«»eted  conclufions,  it  (liould  feeiti  tliat  the  evaporation  from  water  i* 

grcateft  j 
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j;rcatc'fl  J  [hat  from  green  ground  h  prahably  next,  and  t1ia( 
from  bare  foil  llii;  teall :  though  we  may  prefume,  ihat  the 
vopious  dews  upon  the  grali  more  than  fiipply  liie  escefs  of 
ci-aporaiion  above  wlial  take^  place  tVum  a  muill  uncovered 
fuil. 

The  moil  fali»faflor_v  experiments  I  hare  reen  an  account 
of,  relating  to  lh<i  evaporation  from  a  fiirtace  of  water,  are 
thofe  ol  Dr.  Dobfon,  made  at   Liverpool,  in   ihe  years  l772,Dr.  DoUbo'i 

73,  7+ and  7  J.  (Vid.  Pbilos.  Traiitac.  Vol.  67.1— He  took  i"P"''"!'>''<'" 

'  ,   ,      .  CTipontion  from 

.Cylmdni-al  vetTet  oi  t2  inches  diaoieier,  and  having  nearly  wiier. 
filled  it  with  water,  expofetl  it  belides  hi«  rain-gage  of  the 
fame  aperture,  and  by  adding  wnlc^r  In  it,  ot  taking  it  away 
occafionally,  he  kept  the  I'lirfuce  neatly  of  the  fame  height, 
and  carefully  rogifiered  the  <niaijlities  added  or  taken  away, 
by  scoaiparifon  of  whirh  with  the  rain,  the  anioiint  of  the 
evaporation  was  afcerlained.  The  mean  monthly  evapora- 
tion for  foar  years  was — January  1.50  inchc!. — February  1.77. 
— March  '2.6+.— April  3.30.— May  4-.3t.— June  4.4-1.— July 
5.11. — Auguft  5.01.  —  September  3.13. — Oaobcr2.5l, — 
November  1.51.— December  l.+9,—Inatl  36.78  inches.  The 
mean  rain  for  the  fame  time  wai  ilAi  incnet. — In  the  year 
I7d3  I  ibund  llie  evaporation  from  water  in  a  Jimilar  way  at 
Kendal  for  82  days  in  March,  April,  May  and  June  to  be 
5.-^1 1- inches.  The  greateil  quantity  evaporated  on  one  (^ 
the  liottcfl  and  diiell  days  \a  fumnncr  was  a  little  aboi-e  ,2  of 
an  iuch  in  depth. 

The  experinienis  lo  determine  how  much  is  evaporated 
from  green  ground  and  from  moift  carrh,  are  very  few  that 
have  come  to  my  knowledge.     Dr.  Hales,  from  a  few  cxpe-  fttlt 
rimeuLs  calculates  that  mol ft  earth  only  throw.s  ofTC^  inchei^"''r  "™" 
annually, — Thif  calculation  niuH  be  far  below  the  truth.     Dr. 
Watfon,  BiHiop  of  LlandalT,  found  that  in  a  dry  feafon  thcreor.  Wiifon 
evaporated  from  a  g''afs  plat  that  had  been  mowed  clofe,  about  f™"  *  S"'* 
1600  gallons  in  an  acre  per  day,  whkh  amounts  nearly  lo  ,07  f'"*- 
ofaninchin  depth;  and  that  after  rain  the  evaporation  wa« 
cunlidcrably  more.      Now   fuppofing^7  lo  be  the  medium 
daily  evaporation  for  May,  June,  Jul*and  Augufl,  and   that 
as  much  is  raifed  in  thefe  four  months  as  in  all  (he  rell  of  the 
year,  the  annual  evaporation  in  Cuch  circumllances  will  be  17 
or  1 8  inches,  which  is  but  half  that  obferved  from  » 
L,iverpool,  Mid  fiiL  inchet  lefs  dian  the  referve  of  nun  Aaled 
above, 

U 


108  ON    RAIN,      IVArOltATIOH,   S£C. 

EipciioHnt  en  i  [n  order  tft  arcertain  ih'n  point  more  M\y,  and  to  inveiligate 
Atw  how  much'''^  origin  of  fprings,  my  friend  Thoraat  Hoyie,  jun.  and  felf, 
wiaiianoffihcprafliied  an  expedient  as  follows,  beginning  in  the  aulumn  of 
mllh^i^in-  '^^*-  *^**''"8  go'  a  cylindrical  veffel  of  linned  iron,  10 
and  bow  much  inches  in  diameter  and  three  feet  deep,  there  were  infertetl 
(Tiporttol.  jjjip  jt  ,^^Q  pjpgj  lunjcj  downwards  for  the  waier  to  rnn  off 
into  bottles :  the  one  pipe  was  near  the  bottom  of  the  vdTel ; 
the  other  was  an  incli  from  the  lop.  The  veffel  was  Ailed  up 
ibr  a  few  inches  with  gravel  and  fand,  and  all  the  reR  with 
good  frelh  foil.  It  was  ihcn  put  into  a  hole  in  the  ground, 
and  the  fpace  around  lilled  up  with  earth,  except  on  one  fide, 
for  the  convenience  of  putting  bottles  to  the  two  pipes  i  then 
fomc  water  was  poured  on  la  faddeii  the  earth,  and  ai  mudi 
of  it  as  would  was  fulTered  to  run  through  without  notice,  by 
which  tlie  earth  might  be  confidcrcd  as  faluratcd  with  water. 
For  fome  weeks  the  foil  was  kept  above  the  level  of  the  upper 
t)ipe,  but  latterly  it  wa&  conftantly  a  little  below  it,  which 
precluded  any  water  running  olF  through  it.  Moreover,  for 
ihe  firft  year  the  foil  at  top  was  bare ;  but  for  the  twolafl  yean 
it  was  covered  yith  grais  the  fame  as  any  green  field.  Things 
being  thus  circumflanced^  a  regular  regifler  hat  been  kepi  of 
the  quantity  of  rain  water  thai  ran  off  from  the  furface  of  ihp 
earth  through  the  upper  pipe  (whild  that  look  place)  and  alfi) 
of  the  quantity  of  that  which  funk  down  through  the  three 
feet  of  earth,  and  ran  out  through  the  lower  pipe.  A  rain- 
gage  of  Ibe  lame  diamele  r  was  kept  clofe  by  to  find  ths  quan- 
tity ofrain  for  any  conefponding  time. 
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TlicfoU<nd>ig 

Taihjh 

■ws  the  Rejm. 

Waler  through  llie  two  Pipes. 

Mean. 

Mean 

Mean 

Rain. 

Evap. 

Inch.          Inch. 

Inch. 

Inch. 

inch. 

inch. 

1796.        1797. 

17M. 

Jan.       1.897—     ,6ao— 

1.774+ 

1 .450+ 

2.458 

1.003 

Feb.     1.778—    ,918— 

1.122 

1.273 

1.801 

,329 

March    .431—    ,070— 

335 

,279 

,902 

.623 

April     ,220—     ,295— 

May     2.027—   2,4+3  + 

,180 

,232 

1.717 

1.483 

,010 

1.493  + 

4.177 

2.6S4 

June       ,171—    ,726— 

,299 

2.483 

2.181- 

July       ,153—     ,025 

1 

,039 

4.154 

4,095 

Aug.      

,304 

,163 

3.554 

3.386 

Sept.     ,97fi 

,325 

3.279 

2.954 

oa     —      ,680 



,227 

2.899 

2.672 

Kov.     1.0!"t 

1.594 

,S79 

2.934 

2.055 

Dec.       ,200      3.077 

1,878  + 

1.718  + 

3.202 

1.484 

7,379 

25.158 

6.877—  10.934— 

8.402 

33.560 

Xain  30.629—  38.79 1  — 

1,259 

ETOp.flS.72JS--  27.837— 

2a.»()2 

The  following  obfervalions  were  madt!  when  (he  water  Variitua  «f  ihe 
paired  through  both  pipe.:  Ihat  is,  when  the  vetTel  was  filled "!«"'"'■'*• 
Up  with  earth  above  ihc  level  of  ihe  upper  pipe. 


Top  pipe     Bollom  pipe. 
Inch,  Inch. 

,280 
,080— 


1796.  Jan.  25 ,190 


,lO0- 
,196— 


-.254 
.,140 


Jtfay        1 


163 ,000 

,060 ,400 

312 ,175 


The  column  of  mean  evaporation  is  derived  by  l;tking  ihejt^Qjjj,, 
difference  of  the  two  columns  preceding  it;  bul  it  Ihould  be "'>'"■ 
obl'erved  that  though  tliii  method  is  fufficientty  exa^  in  taking 
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tlie  year  logctber,  it  is  rol  (o  in  laVing  the  monlhs  fei-erally, 

bccaufe  it  iirefunjcj  ibat  llie  eatlh  in  ihe  vefTtl   coill^in*  the 

fame  qujnlily  of  water  at  the  end  of  each  moMh^  ot  u  fatu- 

rated  wilh  it ;  whereas  in  Ifie  fumnier  months  it  is  frsquenlly 

fliort  of  figuration.     The  confequencc  i',  thai  the  evaporation 

appears  from  this  tabic  lo  be  foaiething  lefs  than  it  really  i«  in 

the  fummet  monllis,  and  fomething  more  in  the  anliiinnal*. 

Conelufiom.  From  thefe  e\perinienls  il  fetnis  we  may  conclude — Ifi. 

■nniodii  lo      That  the  quantity  of  water  evaporated,  in  tke  drrum/lmica 

facbci.  aborr  rdattd,  amounts  to  25  inches  of  rain  annually  ;  to  wfaicti 

ifwcadd  fiv'e  indies  for  the  dew,  il  will  give  ZO  inchet  of 

ivaler  raifed  annually, 

IiinerMfcurith     2d.  That  Ihe  quanilty  of  evaporation  Increafes  with  ihe 

rain,  but  not  proportionally.     Thus,  1797  gave  the  mofl  rain 

and  Ihe  greateft  evaporation,  &c. 

peep  barf  fail  3[|.  Thai  it  doc  not   appear  there  is   much  diflerence   be- 

^jjj        "       twist  the  evaporation  from  bare  earth,  wlien  there  is  fufficienl 

depth  of  foil,  and  that  Irom  ground  covered  with  vegetating 

grafs.     The  account  in    1796  is  much  what  might  have  been 

expefled,  if  the  earth  had  been  covered  with  grafs. 

Wietherthii         As  this  account  of  evaporation,  amounting  to  30  inches, 

riw  rlmriof  ij^escecdn  the  medium  refi-Tve  of  rain  of  23  inches,  it  demands 

uniting  41  in-    an  enquiry  whether  the  rain  is  adequate,  or  whether  Iheearlh 

^1°  dicaie     ''^'i^^*  "  fupply  of  water  from  fome  fubterranean  refcrvoir, 

■aotbci  fupply  P  according  lo  the  opinion  of  fomephilofophcrs. 

With  refped  to  the  deficiency  of  7  inches,  there  are  tkrte 

JLeplyj  iM|i.    caufes  to  be  atligned  for  it,  which  appear  tome  fully  fufhcienl, 

''*'  without  having  recourfe  to  any  fource  but  that  of  rain  for  ihe 

fupply  of  the  earth  in  general. 

The  ntfoT._  jft.   In  the  account  of  Ihe  rain  thai  pafled  through  Ihe  earth 

lie  Momit.'  "  '"  °^'  evaporating  veflel,  there  are  a  few  monthly  produfis 

marked, 4-  Ihofe  were  occafioned  by  Ihe  bolUe  that  received 

the  water  through  the  pipe  being  found  with  the  water  running 

over;  tliis  lofs  was  placed  to   the  account  of  evaporation  ;   it 

could  not  be  much,  as  the  water  was  taken  foveral  limes  in  a 

month,  but  polTibly  mig  ht  amount  to  one  inch  in  the  year. 

TberalnK  od.  The  rain  at  Manchefter,  being  33i  inches  annually, 

•eedi  the  me-     exceeds  the   medium   of   31    Inches;    and  confequenlly,  ac- 

*  N.  B'  The  earth  in    lh«  veflel  liways  appeared  >»  well   fup> 
plied  with  ntoiftMrc  u  the  ground  around  il,  io  the  driest  weather, 
cording 
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cording  to  the  preceding  obfervalions,  the  cvaporallon  ought 
to  exceed  the  medium. 

3d.  But  the  principal  caufe  of  ibe  excefs  in  our  account  of  iid  ihcwittt 
evaporation,  I  conceive  lo  be  the  prevention  of  tli^  «'»ter  ^°^j  ^J^^  " 
running  off  from  the  furface  of  ihecarih  at  the  lop,  by  having  frtely  off  .t  top, 
the  earth  below  the  level  of  the  upper  pipe  :  it  has  been  feeii,  ^'^  '""^  '^'^ 
(hat  when  the  earth  was  above  that  level,  a  great  part  of  the 
water  came  off  that  way,  by  which   the    furface   was   fooiier 
dried  :   whereas  by  forcing   all  the  water  to   fink  through   the 
earth  or  Aand  on  its  furlacc,  a  greater  degree  of  moiliure  per- 
petually exifted  at  the  furface,  and  confequently  afforded  a 
greater  fcope  fur  evaporation,  than   tjie  ftiHace  of  the  earth  in 
general  would  do. 

Upon  the  whole  then  1  think  we  may  fairly  conclude — that  Hence  the  run 
the  rain  and  dew  of  lhi>  country  are  equivalent  lo  the  quantity  ".piy'ihe  «»»- 
of  water  carried  off  by  evaporation  and  by  the  rivers.     And  fi  poiitioD  lod  iba 
nature  afls  upon  general  laws,  we  ought  to  infer,  that  it  muft  """• 
be  the  cafe  in  every  other  country,  till  the  contrary  is  proved. 

This  conclufion  being  admilled,    we  are  enabled  to  deduce' Theorem  for 
a  general  theorem  for  the  (juanlity  of  water  carried  down  into  "^"tJ^K '™ 
the  fea  by  any  river  in  any  counlry  [on  the  fuppolition  thai  all  xa  tarried  bj  a 
rivers  are  ramified  alike)  provided  we  havecertain  dala :  thefe  "*"•  *'• 
data  are  the  length  of  the  river,  and  the  esfcefs  of  the  rain 
above  the  ei-aporaiion  in  the  country  from  M'hich  the  water  of 
the  river  is  drawn  :  alfo,  i(  (liouM  be  known  by  obfervation, 
how  much  water  fome  one  given  river  carries  down. 

For,  from  the  principles  of  geometry,  the  area  of  country 
from  which  any  river  is  fupplied,  will  be  as  the  fquare  of  the 
length  of  the  river;  and  (he  quantity  of  water  carried  off,  will 
be  in  the  compound  ratio  of  the  area  of  the  country,  and  the 
escefs  of  the  rain  and  dew  above  the  evaporation. 

Thus,  let  L  =:  the  length  of  any  river,  E  =  ihe  excefs  of  Stitement, 
rain  and  dew  above  the  evaporation,  and  Q  =  the  quantity  of 
ivater  difembogued  in  any  given  time  by  that  river  ;  1  =  (he 
length  of  any  other  river,  e  =  the  excefs,  &c.  and  q  =  the 

Q  le 
quantity  of  water ;  then  we  (hall  have  q  =  y  ■■. 

Ex.  gr.     Soppofe  the  length  of  the  Thames  =  200  miles,  Ettajit. 
and  theexcefs  =  5  inches,  eftiinaling  the  rain  and  dew  at  30 
jncbesand  eyaporalion  at  25  ;  and  fuppofe  the  river  Kent,  in  

Wefimorland, 
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Wcflmarhnd,  lo  be  20  miles  in  length,  and  Uie  cyxjcU  35 
inches,  llie  rain  and  dew  being  fuppufud  6^,  and  evaporadan 
30  incliet. 

_,         20- X  3,5  X  Q      7  Q 

Tpftill,  I  believe,  will  bo  found  to  accord  nearly  wilh  Ibe  mea- 
furemeni  of  ihe  two  rivers  on  (he  principle  before  inentiotied. 

SECTION  4. 

0/1  fhe  Origin  qf  Springs. 
CiDfcDftpiinj).  Tlie  origin  of  fpringj  liax  always  becnjuflly  canfidered  ha 
a  queflion  of  naiural  liiftory  worthy  of  Jnvefligation. — In  the 
infancy  o I  Icience  hypoLhcfes  aie  formed  lo  account  for  phe- 
nomena i  but  when  fa£ls  are  difcovered  totally  inconfiflent 
with  an  hypolliefis,  it  ought  to  be  difcarded.  Thii  doei  not 
feem  to  have  been  tlie  cafe  in  liie  fubjefl  before  us ;  for  vari- 
ous opinions  are  Uill  heJd  by  fome,  which  it  is  impoHible  to 
fupport  by  fafls.  The  objefl  of  the  following  remarki  and 
expcrinienlE  is  lo  afcertain  the  difputed  point  if  poflible. 

QsinioDii  There  are  llirce  opinions  rcfpefiing  the  origin  of  fprlngs 

which  it  may  be  proper  to  notice, 

1,  Rain  »ni  1ft.  That  Ihcy  are  fupplied  entirely  by  rain  and  dew. 

*"■  2d.  Thai  they  ate  principally  fupplied  by  large  fubterra- 

rereivDiri.  ncui  refervoiri  of  watee. 

3.  Filtntion  3d.  That  they  derive  their  water  originally  from  the  fea, 

'""  '^  '"■      on  the  principle  0/  filtration. 

Whether  the  It  is  obt'ious,  that  before  we  pay  any  attention  to  the  two 

*'^  •?"''='"'"■  latter  opinions,  the  cauJes  affigned  in  the  firfl  ought  to  be 
proved  infufficient  by  direfl  experiment.  M.  de  U  Hire  ia 
ihe  only  one  who  has  attempted  to  do  this,  as  for  u  my  inr 

I»eliHire-ae».  formation  extends,  in  the   Pari G an  Memoirs  for    1703.     He 

wnfo'akeii     "  pfocured  a  leaden  vefTel  eiglil  feet  deep,  having  a  pipe  at  the 

throuih  a  muti  bollom  ;  this  he  buried  in  Ihe  earth,  and  ^lled  wilh  foil  of 

ft  Tihlclt'^'"  iand  and  loam,  expoGng  tlie  furface  lo  receive  all  the  tain 
(hat  fell.  After  15  years  trial,  he  found  that  no  water  had 
run  through  the  pipe  at  Che  bottom. 

Sballowei  vcSel.  Again,  he  look  another  velfel,  eight  inches  deep,  which  he 
filled  wilh  earth  and  expofed  in  like  manner.  No  rain  pene- 
trated fo  as  to  niti  out  at  the  bottom  from  June  to  February  j 
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biitafler  that  time  it  yielded  a  quantity  after  moll  tains.  An- 
other veflel  of  twice  ilie  depth,  or  16  inches,  gsvi; 
much  like  that  of  eight  inches.  Farllier,  M.  de  la  Hire  found, 
that  when  herbs  were  planted  in  the  foil  of  the  tall  mentioned 
vefTcl,  and  grown  up,  no  rain  penelialcd  tlirough  the  fDil,  but 
inftead  thereof  it  was  not  lufticient  to  fuftain  the  vegetation  j 
for  the  plants  would  require  to  be  fprinkled  occafionall^,  or 
elfe  they  began  to  droop  and  wither. 

With  refpefl  to  the  Jirll  mentioned  fact,  we  need  not  wonder  Bcmirk 
that  no  water  penetrated  through  eight  feet  of  earth  at  Paris,  ["^"^"^'j 
K'here  the  annuul  rain  isbut  20  inches  when  only  eight  ornia; 
nine  inches  penetrated  through  three  feet  of  enrth  here,  where 
the  rain  is  33  or  S*  inches  annually.     But  it  doc5  not  follow 
tliat  rain  may  not  delcrend  down  declivities  of  the  ground  into  but  the 
vallies  or  lower  parts,  at  Paris  as  well  a*  here,  and  being  ac-  8™""''' 
cumulated  may  penetrate  into  the  earth  In  a  oontiderable  depth,  itFard  w 
efpecially  if  it  meet  with  channels  or  chafms  of  any  kind,  or^'* 
declining  (irata  of  earth  that  are  impenetrable  by  water.    Pari«, 
I  believe,  however,  is  not  very  liberally  fupplied  "ith  fpriiig*, 
■s  might  be  expeded.    As  to  the  experiment  upon  vegelatton, 
it  only  proves  that  the  rain  in  fpring  and  fummer  i*  Ibmelimes 
not  fuflicJent  to  fupport  vegetable  life,  a  fa£l  which  may  rea- 
dily be  granted  ;  but  then  in  his  experiment  the  plants  were 
precluded  from  a  fupply  of  moifture  from  the  earth  beneath 
the  veflel,  which  is  a  referve  of  the  utmofl  confequencc  In  dry 
feafons. 

This  circumllance  of  water  afcendtng  again  in  Ihe  nrlh,  Wji 
on  whatever  principle  it  is  efJefled,  cannot  be  denied. — There  '"* 
were  ■i^  inches  of  rain  here  in  July  lafl,  none  of  which  paffcd  jgij, 
through  the  earth  in  the  evaporating  vetTiil;  this  earth,  how- 
ever, at  Ihe  end   of  the  month,   was  far  from  that  degree  of 
drynefs  which  it  unfit  for  the  fupport  of  vegeiaiion. — During 
the  firft  four  days  of  Auguft  there  fell  about  three  inches  uf 
rain,  and  only  4  an  inch  penetrated  through  the  earth  in  the 
evaporating  veflel.     Confetiuently  three  feet  in  dty.h  of  cnrth 
that  was  moderately  moift  imbibed  nearly  three  inchi^  of  rain 
before  it  was  faluraled  ;  whoncu  we  may  conclude  that  three 
inches  nearly  had  afccnded  and  been  evaporated.     This  evi- 
dently fliews,  that  earth  is  capable  of  holding  a  very  great 
proportion  of  water,  that  in  fumaier  the  water  afcendt  to  liip' 

ply 


M 


,8jc, 
pljl  the  exigencies  at  the  furface,  and  llial  earth  for  under 
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■  point  of  faluration  wiili  moiflure  is  full  fit  to  fupport  vcgeU* 

■  tion. 

(Jiicftion.  How  Tlii$  obfervation  fuggeflcd  the  rollovving  queflton — How 
much  wate.  n    much  water  is  there  in  a  given  depih  of  earth  when  the  foil  is 

EoniiiDcd  m  11-  r  i        - 

tuiiied  giouai.  ^i  the  point  ol  ralucatiun,  or  in  that  liale  when  it  begins  to 

^lield  water  from  the  lower  pipe  of  the  evaporating  gage  f 
EipcrlmcBt.    1       To  determine  this  I  took  a  quantity  of  garden  foil  that  bad 

«th'^™nS'«  7  ***"  ^'^^^'^  "■'*'  "'"  =*  "^'y  *'^''"'^''  ""'^  P''^'^^  ''  '""' "  *='"" 
iochej  wiwr,  cible ;  in  this  (late  I  found  its  fpedliu  gravity  to  lliat  of  water 
?*?A'  ?'''  ^''    as  five  to  three.     U  was  then  otpofed  to  a  moderate  heat  till 

nail  bcrore  it  ii  ' 

toBdr)fottcge-it  appeared,  as  near  as  1  could  judge,  of  the  fame  moiAurc 
tttion.  gs  garden  foil  two  inches  deep  in  dry  fummer  weather  ;  after- 

wards it  was  expofed  almofi  to  a  red  heat  till  it  became  a  per- 
feflly  dry  powder;  in  the  (oriner  cafe  it  loft -j'l  of  its  weight, 
and  in  the  latter  y. — When  it  had  lofl  -j,  it  did  not  appear  tow 
dry  to  fupport  vegetation.  When  it  i) ad  i oft -J,  it  appeared 
like  the  lop  foil  in  fummer, — Hence  it  follows,  that  every  foot 
'  of  earth  in  depth,  fo  faturaled,  contains  fevcn  inches  of  vi-ater, 

and  that  it  may  part  with  one  quarter  of  itt  water,  or  even 
one  half,  and  not  be  too  drv  tor  fupporting  vegelalion, 
Brickcliynearlir     Clay,  juft  dug  out  for  the  purpofe  uf  making  bricks,  vfaa 
the  liiiK.  uM  in  the  fame  manner  ;   It  gave  the  fame  fpecific  gravity  as 

the  eartb,  and  yielded  not  muih  lefs  water. 

IDe  la  Hirt'<  Tliefe  experiments  and  obrervations  prove,  that  M.  de  la 

,«oadu6(>Di  er-    Hire's  conclufions,  drawn  from  the  vegetation  of  plants  in  ■ 
given  quantity  of  Ibil,  precluded  from  any  eotnmunicalion 
•  :  with  the  earth  at  large,  are  erroneous,  or  at  leaft  unwarranted  ." 

,As  it  doci  not  thence  appear  that  the  evaporation  for  the  vAole 
year  exceeds  tlie  lain  in  the  year,  whatever  it  may  do  for  a 
month  or  two  in  fummeJ'. 
^nogs  f  "^^  origin  of  Iprings  may  ftiU  therefore  be  attributed  lo  rain, 

'^^^^''^P*  till  fome  more  dccilive  experimenli  appear  lo  the  contrary; 
{^,  and  it  becomes  unnecelTary  to  controvert  the  otiicr  two  opi-i 

nions  refpefling  this  fubji-tt. 
Spriogi  «re  UjKin  the  ivliole  it  tlioald  feem,  that  at  the  commencement 

^ncc  dtfl-  „f  fpring,  the  ground  is  nearly  faiurated  with  water  for  five 
or  lix  tect  in  depth,  as  the  rain«  and  dews  in  autumn  and 
winter  far  exceed  the  evaporation  :  There  are  then  five  or  lix 
inches  of  water  at  Icaft  lo  be  railed  up  again  lo  the  fufface  in 
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cafe  or  eKi|ence  in  the  ffiring  and  fiiminer  :  If  this  Imppcn  to 
be  fo,  llien  it  is  at  the  espetice  of  fpritig' ;  fat  we  find  the  ge- 
neralily  of  fprings  btconie  languid,  or  eniirelj  ceafe  lo  flow 
a[  the  end  of  a  long  drouglil.  As  to  Ihe  few  fprings  that  feem 
to  be  liiile  affefled  by  dry  or  wel  fealon*,  they  fofm  exceplioiit 
which  it  would  not  be  difficult  to  account  for. 


Description  nfaa  Jnjlrumentfov  extraSiag  IJardSahfianea'aliick 
,■    mayJUck  during  their  Pajfage  to  the  Stomach.     By  G,  C. 

To  Mr.  NICHOLSON. 
SIR, 

Enclosed,  I  fend   vou  a  drawing  of  an  untried  inflrii-I''fl™n«ritfM 
ment ;  if  you  think  it  likely  to  accomplith  the  c»d  for  vh^chY^^*^j^ 
it  was  defigned,  you  will,  perhaps,  give  it  a  place  in  your 
very  ufeful  work.     This  iiiftrument,  1  conceive  to  be  an  im- 
provement of  thai  commonly  ufed  for  forcirg  down  any  hard 
fubflances  (hat  may  flick  between  the  moulli  and  ihe  flomaeh. 
In  many  cafes  nails,  pins,  and  olhcr  metallic  mattery  gel  into 
this  lituation,  when  it  would  undoubtedly  be  ptefetable  to 
draw  them  up  through  iht:  mouth,  inflcad  of  palling  them  into 
the  fiomach,  where  they  are  no  ftioner  arrived,  than  they 
ftimiili  a   new  fpecies  of  danger  lo   (he  fiiflcrer.     With  thisDefciipd^ 
view  the  following  inflrument  was  cunftruaed.    A,  B.  PI.  XI. 
is  a  rod  of  whalebone,  having  a  fmall  groove  dnwn  the  middle,  ^       ^ 

from  end  to  end,  large  enough  In  lonlaifi  a  flton^  lilkcu 
thread;  this  lliread  is  confned  (o  the  grooi'i:  by  a  fl-vv  bp- 
pings  of  fine  waxed  lillt.  At  B,  is  fafiened,  as  ufual,  afpongS, 
about  one  third  of  the  common  G^e.  Jull  above  the  fponge 
is  filled  a  fmall  pulley,  round  which  the  filken  thread  windi, 
and  leturnii^  up  the  oppolile  fide  of  the  whaleboae  tolhatuii 
which  it  defcended,  ii  tied  fail  to  the  bottom  of  a  foiall  leather 
cap  C.  Above  this  cap,  at  D.  are  faltuned  12  or  1*  fmall 
fiber  wires,  made  lo  fpringinto  the  torm  reprefenled  in  Fig.  2. 
Thefe  wires  by  means  of  loopi  at  their  ends,  fupporl  o  round 
bag  of  net-work  of  fine  filk,  perforated  in  the  centre  to  admit 
Ihe  whalebone  rod.  Thefe  wires,  together  with  the  bag, 
kliU  be  capable  of  being  inferied  and  conSned  in  Ihe  cap  C, 
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fo  a*  (o  remain  In  ihe  pofilion  rcprcfcnied  in  Fig.  I .  in  which 
Dale  it  is  ready  far  being  palTed  duwn  the  oefupliagus ;  and  it 
icems  fcarcely  necelTary  lo  remark,  tliai  previous  lotheinllni- 
ment  being  witlidrawr,  the  cap  C  mufi  be  pulled  off",  by  mesM 
ol  ihc  ihresd  at  A  ;  when  tlie  wires  wDI  expand  the  net,  and 
prefs  its  edge  clofe  to  the  gullet  on  every  fide,  and  in  relum- 
ing to  the  tnoulli,  will  prubably  bring  up  aiiy  fubflance  that 
was  lodged  there,  within  it. 

G.  C. 
Bromptan,  Jan.  23,  1803. 


Ob  the  Flexure  of  Wax  and  otiiti-  Bodic*  bj/  irregular  cooling, 
■witk  Confideeatioiu  on  the  ProbahilUs  fluil  if  innij  l/t  caufed  by 
the  Law  of  Crjdlallizafwn.     In  a  Letter  Jrom  R.  B. 

To  Mr.  NICHOLSON. 

London,  Feb.  IS,  I  SOS. 
SIR, 

Thrtadof  *«  ^  STREAM  of  wax  has  jufi  overflowed  the  cup  of  the 
Hawing  down  a  wax  candle  by  which  I  have  been  ceadiiig,  and  has  prefented 
**°^*'  me  with  a  fad  or  two  which  I  tliink  worthy  Ihe  meditation  of 

phiiofophers.  If  you  tKink  fo,  pleafe  lo  give  them  a  place  in 
your  repoCtory. 
^omci  (cpi-  The  fluid  was  has  formed  a  line  or  protuberance. on  the  oot- 
■MuiXiTi"""  ''''''  °^  '''*  candle,  four  inches  in  lenglh,  a  htllc  more  than 
one  fifieentli  of  an  inch  in  width,  or  furtace  applied  lo  the 
candle,  and  one  tenth  of  an  inch  in  elevation  or  thtcknefs. 
A*  it  grew  cold  it  ha-i  ft- para  led  from  the  candle,  lb  that  its 
lower  extremity  Hands  a  httle  more  ilian  half  ao  inch  diflant, 
and  it  docs  nol  touch  fur  Ihe  length  of  ttvo  inches  and  a  half 
from  the  bottom  ;  all  th<:  upper  part  Hill  continuing  adherent. 
And  laflly,  the  feparalcd  portion  exhibits  a  regular  curve, 
convex  towards  the  candle,  and  more  convex  the  ne.arer  the 
lower  extremity  ;  fo  that,  when  carefully  taken  off,  and  ap- 
plied  to  feveral  ciroQIar  arcs  defcribed  upon  paper,  the  diffe- 
rence was  very  obviouily  perceived. 
The  win  WM  Upon  Ihufe  (a£ts  I  obferve  from  obvious  reafona  that  fha 
rent  pans  in  wax  wliich  flowcd  in  contafl  with  Uie  folid  candle,  was  mors 
ftrwflain.  fpecdil/ 
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Ipeedily  cooled  than  that  which  flowed  on  the  outfide  of  thai 
heated  wax ;  and  ihat  ihal  portion  ol'  the  wax  which  flowed 
in  contafl  with  the  candle,  and  ran  to  the  grealeil  diftance 
was  the  moft  fpeeJily  cooled. 

And  the  refult  fenher  ftiews,  1.  That  the  dimenCons  of  Dtdoftion.  Wn 
was  luddenly  cooled,  are  larger  than  thofe  of  wax  cooled  more  ||,ft'jjjl[fc'2i»n  if 
flowly  ;  and  2.  The  quicker  the  cooling  the  greater  this difle-i]oi*ly  tooltd. 
rence.     For  the  fluid  wax  was  deposited  in  a  llrait  line,  and 
its  curve  figure  after  cooling  Ihewed  that  the  interior  line  or 
convex  limit  was  longer  then  the  exterior  or  concave  limit; 
and  this  difference  being  greatefl  where  the  refrigeration  was 
inoll  fudden,  namely,  towards  the  lower  extremity,  wsi  Qiewn 
In  the  greater  curvature. 

I  will  not,  Shj  do  your  readers  the  injuftice  to  fuppofe  any  Apologeilcd 
of  Ihera  wUI  think  the  dignity  of  philofophy  impaired  by  a  fpe-  "'""'^ 
culation  on  the  guttering  of  a  candle,  but  will  proceed  in  my 
difquililion  in  hopes  llial  others  of  moreleifureand  ability  may 
purfue  the  objefi  farther,  if  found  to  deferve  it.  And  as  it 
has  been  a  falliion  fince  the  publication  of  the  famous  Hring  of 
queries  at  the  end  of  Sir  Ifaac  Newton's  Optics,  for  fpecu- 
lators  to  ufe  Ihat  modejl  term  to  dignify  induflions  which  they 
may  fuppofe  to  be  olmoft  proved,  I  will  lake  the  liberty  to 
offer  a  fi:w  on  the  prefent  occalion. 

1 .  Since  the  fpccific  gravity  of  ftee!  fuddenly  cooled,  is  lefs  Qu-  I.  Ate  not 
than  when  annealed  or  flowly  reduced  in  temperature ;  fince  JJ^f^f  "^°'  "^ 
ice  and  other  cryltak  (lowly  formed,  are  generally  underllood  cookd,  congulH 
lo  be  denfer  than  the  produ As  of  hafly  refrigeration ;  and  lince  "  =')''**lli»e'i ' 
in  our  experiment  wax  obeys  the  fame  law,  is  it  not  probable 

that  the  bw  may  be  general  in  the  cooling  of  all  bodies,  Fiant 
Etperimcnta. 

2.  Can  this  effefl  be  afcribed  to  any  thing  but  the  arrange*  (V|_  j_  ,,  ^^^ 
ment  of  the  parts  of  bodies ;  and  if  To,  is  it  not  referable  to  ibii  ccyMiiia* 
hafiy  and  fiow  crj' flail  Izati  on  ;  and  are  we  not  therefore  jufti-  ^"j '  ^j'" 
fiable  in  fuppofing  that  the  cryilallizalion  of  bodies  may  be  al-  tbiid  I 
tercd,  even  in  the  folid  Hate,  ai  In  the  hardening  or  foftening 

of  aeel. 

3.  As  the  haidnefs  of  fleel  becomes  greater  and  its  tenacity  Qy.  j.  An  not 
lefs  by  fudden  re Irigc ration,  is  it  not  probable  that  all  the  pro-  '"  ■'"''  ^^'? 
dud*  of  hafly  cryfiallizalion  are  harder  as  they  are  known  lo  i,f,  tenieious  f 
be  more  brittle.     Try  in  lal  ammoniac  whether  in  foftnefs  or 
flexibility  will  become  lefs  by  fudden  cooling,  fuch  as  fubli- 
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matlon  in  an  head  covered  with  ice;  and  examine  whether 
an  utiannealed  glafi  tube  be  not  harder  tlian  a  porlimi  of  the 
fame  lube  (lowly  cooled. 
Qu.  4.  Will  ii        4,  Mav  not  fome  ufeful  indications  a*  to  the  properties  of 
i"e«u  "htf««-  ™'^''''*  ="'^  ^'■^^^  ''°**'^'  ^^  derived  from  the  fimple  prortifs  of 

IitnKDt  witti       caflmg  a  long  flip  of  them,  by  pouring  the  fufed  metal  upon 
MbiT  bodi«  t      J  (.„ij  n^np^     )  I  ,],g  curvature  be  univerfatly  like  that  of  the 
way,  the  law  will  be  more  and  more  confirmed.     If  anomali(.'e 
prefent  thcmfcK'e*,  our  acfjuainlance  with  natural  evenij  will 
neverlhelets  be  extended  and  improved, 
Zipaimutc  sj„pg  writing  the  above,  1  have  taken  fome  of  llie  malerlah  ' 

next  at  hand  to  make  an  experiment  or  two,  which  I  give 
without  regarding  whether  they  fupport,  modify,  or  dcHruy 
the  hypolhetis  advanced  above. 
Exp.  1.  An-  Exp.    I.  A  thick  glafs  tube  which  had  been  bended  into»  . 

The  annejicd      fuppofed  that  the  bended  pari  having  been  heated  and  cooled 
fecms  hjrddi,     ^  fecond  lime,  might  ptovc  fofier  from  this  kind  of  annealing. 

rThe  extremity  of  ihe  tlrait  part  was  applied  lo  fcralch  the 
bended  part,  and  alfo  ihc  other  flrait  part;  and  contrary  wife 
the  exlrcmily  of  one  of  the  bended  parts  was  applied  to  the 
other  portion  of  lube ;  and  laflly  bodi  ends  were  fcratched  with 
a  file.     No  certainly  was  obtained,  but  it  was  thought  that 
the  bended  part  was  harded  ". 
Eip.  !•  Lead         Exp.  2.  Lead  wa^  fufed  and  poured  red  hot  upon  a  marble 
No  irfu'i?'*"      ^'^  '"  ^  '°"^  "'P'      ^^^"  '^*''  moderately  healed  was  poured 
out.     The  piece)  did  not  quit  the  lace  o(  the  Rone  in  cooling, 
and  they  were  loo  flexible  to  be  taken  up  and  examined. 
Eip.  3.  Type         Exp,  3.  Type  metal    was  treated  in  the  fame  manner.     A 
Uk"thc  w™t'^  ^'^^  P"''^^  °"^  ihiriieth  of  an  inch  thick,  and  fix  inches  long, 
bended  upwards  from   the  flone  in  cooling,    to  the   height 

Jot  verfed  fine  of  one  twentieth  of  an  inch,  and  retained  Ht 
lip.  4-  Fofihle  Exp.  ♦.  FufiWe  melal  or  the  compound  of  lead,  tin,  and 
«n  muc^«hin '''*^^'>''''  '*'"  poufed  uut  in  a  flip  13  inches  long,  one  half 
neiriy  cold,  (sn.  being  about  the  lame  ihicknefi  or  lelk  than  the  type  melal, 

irtnnli'vux, 

MdratvrriJ  ii- 

MfmfiovMtii,        *  Ae  the  tubr  had  been  bended  with  the  blow  pipe,  ihe  diflTerenee 
might  as  well  have  ariren  from  oxigtnntian  of  the  le:id  or  man^- 
ncle^or  diflipation  of  alkali,  as  from  itinple  heating  and  cooling. 
K.B. 

SJli 
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and  the  Other  hairconliiierably  thicker.  It  did  not  appear  (otifc 
from  the  Ikb ;  but  was  taken  up  wbiCc  quite  warm  and  held  with 
its  edge  downwards,  to  prevent  any  flexure  from  its  weight. 
The  Ihin  part  immediately  began  to  bend,  and  the  thick  part 
fuon  afterward?,  [licJUxurcs  bang  concave  on  the  fide  vihich  lntd 
loached  ilieftow,  and  the  verfed  fine  or  height  of  the  curvature 
v.-a;  one  inch  at  the  end  of  half  a  minute,  afler  which  it  gra- 
dn<.lly  liraightened  itfelf  as  follows. 

Bar  qf  Fu^lt  Mttal  1 3  Ineha  long. 
Al8*5I"  taken  up  flrait.  inrh. 

5 1|  it  became  bended;   verfed  line    1.0O 
5+     .    -    Icfs  bended      -     do.     -     0,7 


Another 
txpcilalio 


without  any 
Eafures  were 


60  thin  part  flrait;  thick  a  little  cti 
experiment  had  been  made  before 
of  I'uch  or  fo  great  a  flexure,  and  no 
then  taken.  In  this  ihe  bar  was  ihinnet  and  Ihe  flexure 
greater;  and  the  return  to  flfaitnefs  was  not  only  complete, 
but  one  end  whlrh  was  very  thin  hcciinie  at  hii  bended  the 
contrary  way,  namely  the  face  thai  had  touched  the  fione  wai 

A  fmaller  piece  of  two  inches  in  length  which  was  not 
taken  up  fo  foon,  had  become  bexided  as  it  lay  ;  fo  that  it 
rc-fled  on  its  two  extremities  and  was  hollow  in  the  middle. 
Thi>  recovered  its  lirll  llrailncft  a;  it  lay  on  the  table. 

I  am 


your  obliged  reader. 


.  YOONc'l  ACCodiTT   t 


fpefling  two 
portiont  of  (I 
rmt  light  irr 


•uny  pbeiio- 


i: 
I' 


An  Account  qfjbnte  Cafin  of  thr  Produfiim  qf  Oilouri,  vt 
hilliem  de/cribed.  5j  Thumas  Young,  .T/.D.  F.  R.  S. 
i-.  L.  S.  Piitfrjf.ir  qf  NtUarid  PhUofophy,  in  llie  Rr>yiU 
IiifiUuiiim  *. 

,  vVHATEVERopimon  may  be enlertained  oflhe  llienrv  of 
Itj^ht  and  calour«  wbicli  I  have  lately  iiarl  the  honour  of  fubinit- 
'  ing  to  the  Royal  Society,  it  muH  at  any  rale  be  allowed  llial 
t  ilhas  given  birth  to  thedifcovery  ofa  limple  atiH  generalUvr, 
capable  of  explaining  a  number  of  the  phenomena  of  coloured 
light,  which,  without  this  law,  would  remain  infuiatpd  and 
unintelligible.  The  law  is  that  "  wherever  two  portions  o^ 
"  ihn  fame  light  arrive  at  the  eye  by  differenl  routes,  eit]ier 
"  esafllyor  very  nearly  in  the  fame  direSion,  the  Ifglit  be- 
"  conies  moll  intenfe  when  the  ditTerence  of  ihe  routes  i*  any 
"  multiple  of  a  certain  length,  and  leafl  inlenfe  in  the  inter- 
"  mediate  Date  of  the  inlerfering  portions ;  and  this  length  Is 
*'  difiercnl  for  light  of  different  colours," 
•  I  have  already  fliown  in  detail,  the  fufliciency  oflhls  law 
defcribed  in  the  fecotid  and 
as  well  as  fome  others  not 
Is  Itill  more  tatisfadory  to 
fafis,  which  conllilule  new 
,  and  which  could  fcarcelr 
ilerior  \a\v,  if  iliat  law  had 
llie  colours  of  fibres. 


,  Op.i, 


for  explaining  all  iheplie 

third  books  of  Newton's 

mentioned  by  Ne» 

obferve  its  conformity  to  othe. 

iind  difimcl  clalTcs  of  phenomena,  an' 

have  agreed  To  well  with  any  anlerii 

been  erroneous  or  imaginary.:  ihefeai 

and  the  colours  of  mixed  plates. 

As  I  was  obferving  tite  appearance  of  the  fine  parallel  lines 
of  light  which  are  fecn  upon  Ihe  margin  of  an  object  held 
near  the  eye,  (o  as  to  intercept  tho  greater  part  of  the  light  of 
adiAanI  luminous  objed,  and  which  arc  produced  by  thefiingei 
lauled  by  ihe  inScdiun  of  light  already  known,  I  obferved 
that  they  were  fometimcs  accompanied  by  coloured  fringes, 
much  broader  and  inor« diliiu£t  j  and  1  foon  found,  that  Ihcfe 
broader  fringes  were  occaliuned  by  the  accidental  interpoCtion 
of  a  hair.  In  order  to  make  ihem  more  diAin£l,  I  employed 
ikhorfe-h.iir;  but  ihey  were  tlieo  no  lunger  vifible.     With  s 
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6bre  of  wool,  on  the  contrarv,  ihey  became  very  large  and 
vonfpicuoiis:    and,   with    a   fiiigle    filk-worm's   thread,    iheir 
magnitude  was  lb  much  increarcd,  lliat  Iwo  or  three  of  them 
Teemed  tooccupy  the  tvholc  field  of  view.     Thej  appeared  lo 
e\(cnd  on  each  fide  of  the  candle,  in  the  faniu  order  as  the 
foiours  of  thill  piales,   fci-n  by  Irantiniltcd  light.      It  occurred  Rnaiiki  and 
to  me,   that  their  caufe   mufi  be  fought  in   the  iiilerfetence  of  "iftwncei.    A 
two  portions  of  light,  one  reflccled  upon  the  fibre,  ihcotlier  j^fl'^a^j",^' 
bending  round  its  oppolite  fide,  ai»d  at  laft  coinciding  nearly  "^  ('^'  "fviy 
in  direflion  with  (he  former  portion  ;  that  accordingly  as  both  jireffio"  with 
portions  deviated  more  from  a  reflilincar  direflion,  the  differ-  another poitiaii 
eiice  of  the  length  of  their  paths    would  become  gradually  ',h?ffitt,(,h'" 
greater  and  greater,   and  would  conrequcnt'y    produce   the  dAtiind  pco- 
oppearances  of   colour  ufual   in   fucb  cafes  j  that,   fuppoling '^''" '"'°"'* 
llieni  lo   be  inflcaed  at   right  angles,  the  difference   would 
amount  nearly  to  the  diameter  of  ilie  fibre,  and  that  this  dif- 
ference  mull  confequeiilly  be   finalli:r    as    tlie  fibre    became 
fiualler;  and,    the  number  of  fringes  in   a  right  angle  be- 
coming  fmaller,  that  tht^ir  angular  diflances  would coiilequeniij' 
become  greater,  and  the  whole  appearance  would  be  dilated. 
It  was  eaf|  lo  calculate,  thai  for  the  light  leaft  innefled  the 
difference  of  the  paths  would  be  to  the  diameter  of  the  fibre, 
v«ry  nearly  as  the  deviation  of  (he  ray,  at  any  point,  I'rom  ihe 
reftiliiiear  direflion,  lo  its  dillance  from  the  fibre, 

I  therefore  made  a  reflangular  hole  in  a  card,  and  bent  its  prtclfe  ifprti- 
ends  fo  as  lo  fuppof  t  a  hair  parallel  to  the  fides  of  the  hole  ;  ''">  o"*  the  ai. 
then,  upon  applying  ihe  eye  near  the  hole,  the  bait  of  coutfe 
appeared  dilated  by  indillinft  vifion  into  a  furfare,  of  svhich 
■the  breadth  was  determined  by  the  dillance  of  the  hair  and  the 
magnitude  of  the  hole,  independently  of  the  temporary  aperture 
of  the  pupil.  When  the  bait  approached  fo  near  lo  ilie  direc- 
tion of  the  margin  of  a  candle  ilial  Uie  inSefled  tight  was 
fulficicnily  copious  to  produce  a  (i;nfible  elfefl,  the  fringes 
Ix'gan  to  appear ;  and  it  was  cafy  In  eCiimate  the  proportion 
of  their  breadth  lo  the  apparent  breadth  of  Ihe  hair,  acrof* 
the  image  of  which  they  extended.  I  found  that  lixoflhe 
lyighteil  red  firinges,  nearly  at  equal  ditlances,  occupied  the 
whole  of  (hat  image.  The  breadth  of  the  aperture  was 
yl^,  and  ils  diAance  from  Ihe  bait  i^  of  an  inch:  the 
diameter  of  the  hair  was  lefs  tlien  -j^  of  an  inch  ;  as  nearly 
9s  1  could  afcer(ain,  it  was  ^^.     Hence  we  have  yHv  ^°^ 
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Ihe  deviation  of  the  firft  red  fringe  at  the  diffance-,^;  and,  af 
tV  :  TTTU  "  CT5  ■'  TTi^7-  or  j^„  for  ihe  difference  of  the 
roures  of  the  red  light  where  it  wa?  moft  intenfe.  The  meafur 
deduced  from  Newton's  experiments  is  TTirn-  ^  thought 
(his coincidence,  with  onlyan  error  of  one-ninth  of  fominula 
a  quantity,  fufficienlly  perfcfl  to  warrant  completely  the  ex- 
planalion  of  tlic  phenomenon,  and  even  to  render  a  repetition 
of  (he  experiment  unnectilary  ;  for  there  are  feveral  circum- 
(lances  which  make  it  ditlicult  to  calculate  much  more  precifely 
what  ought  to  be  the  refill  I  of  the  meafiiremeiit. 
The  hiht  When  a  number  of  fibre?  of  the  fame  kind,  for  indance^  q 

«ndte  fc^i"'"'  uniform  lock  of  wool,  are  held   near  to  tlie  eye,  we  fee  an 
thraDgh  wool,    appearance  of  halos  furrounding  a  dlRant  candle:  but  theit 
brilliancy,  and  even  their  exiftence,  depends  on  the  uniformity 
of  the  dimenfions  of  the   fibres  ;  and   they  are  larger  as  the 

I  fibres  are  fmaller.     It  is  obvious  that  they  are  the  immediate 

confeqiicnces  of  the  coincidence  of  a  numtier  of  fringes  of 
the  fame  lizc,  which,  as  the  fibres  are  arranged  in  all  imagina- 
ble direflions  muft  neceffarilj  furrniind  the  luminous  objefl  at 
equal  difiances  on  all  (idc5,  and  condiliite  circular  (Hnges, 
anS  iwoi-  There  can  be  little  dniibt  that  the  coloured  atmorpherical 
•""""  ''"'  halosare  of  the  fame  kind  :  their  appearance  miill  depend  on 
Ihe  exifience  of  a  number  of  particles  of  waler,  of  equal 
dimenfions,  and  in  a  proper  pofition,  with  refpefl  to  Ihe 
luminary  and  to  the  eye.  As  there  is  no  natural  limit  to  the 
magnitude  of  the  fpherules  of  water,  we  may  expefl  lltefe 
halos  to  vary  without  limit  in  thetr  diamelera ;  and,  accordingly, 
Mr.  Jordan  has  obferved  that  their  dimenfions  are  exceedingly 
various,  and  has  remarked  thai  they  frequently  change  during 
the  time  of  obfervalion. 
New  eoloun  I   firft   noticed  the  colours  of  mixed  plates,  in  looking  at  a 

[i".f„77!^r"'<^nt"e  through  two  piecps  of  plate-glafs,  with  a  little  moiflure 
between  them.  1  obferved  an  appearance  of  fringes  referobling 
mmon  colours  of  thin  plates;  and,  upon  looking  for  the 
with  lit.  fringes  by  refleflion,  I    found  that  Ihefe  new  fringes  were 

always  in  the  fame  direfllon  as  the  other  fringes,  but  many - 
limes  larger.      By  esamining  the  glalfes   with  a  magnifier,   I 

L  perceived  that  wherever  Ihefe  fringes  were  viiible,  the  raoifiure 
was  intermixed  with  portions  of  air,  producing  an  appear- 
ance fimilar  to  dew,     I  tlien  fuppofed  that  tlie  origin  of  the 
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a  more  minute  examination,  I  foninJ  thai  the  magnitude  of 
ihe  p««i;oui  of  sir  and  water  wa*   by  no  means  unil'urm.  and  Tbtft  were  not 
llial  the  esplanalion   v^as    iherefore    inadmiffible.     It   wa».  ^fl";!" „" J '^ 
liowevcr,  eafy  to  tiLiil   two  porlioni  of  light  luBicient  for  the  fliaUm  but  bjr 
produclion of  llicfe  fringes;  for,  llie  light  trarifmitted  tt"™UK'' Jji^'Ji^^* ^ 
lliL-  water,  moving  in  il  wiiti  a  velocity  dilti^rent  from  that  uf  light  thraugb 
tlie  light  palling  lliroufth  Ihe  iiitcriiites  tilled  only  with  air,  ihc*'"'"^"'' 
(wo  portions  would  inU'tlere  with  each  other,  and  produce 
cfTects  of  colour  according  to  the  general  taw.     The  ratio  ol 
tlie  velocities  in  water  and  in  air,  is  that  of  3  to  4  j  the  Irin^s 
ought  therefore  to  appear  where  the  thtcknefs  is  6  limci  as 
gruat  as  that  wliith  correfpnndi   to  the  fame  colour  in  the  ^ 

common  cafe  of  lliin  plates;  and,  upon  making  the  experi- 
ment with  a  plane  gUf^  and  a  lens  llightly  convex,  T  Ibund  PraoA  of  ttiia 
the  fixth  daik  circle  a^ually  of  the  fame  diameter  as  the  (irfl  ^*"^' 
in  the  new  fringes.  The  colours  arc  alfo  very  ea&ly  pro- 
duced, when  butter  or  tallow  is  fubHituled  for  water;  and 
ihc  rings  then  become  fmaller,  oa  account  of  the  greater  re- 
fractive denfity  of  the  olli :  but,  when  water  is  added,  fo  as 
Xo  fill  up  the  inteillices  oi'  the  oil,  the  tings  are  very  much 
enlar^ged  ;  for  here  the  ditferenct?  only  of  (he  velocities  in 
water  and  in  oil  it  to  be  conlidered,  and  this  is  much  fmaller 
than  the  difference  between  air  and  water.  All  thefe  circum- 
itnnces  are  fufiicient  to  falisfy  us  with  rcfpeCl  to  the  troth  of  ■ 

Ihe  explanation  ;  and  it  is  fiill  more  confirmed  by  Uie  effeft 
of  inclining  the  plates  to  the  direction  of  the  light;  for  then, 
inAead  of  dilating,  like  the  colours  of  thin  plates,  thefe  ringa 
coiitrufl;  and  thi:i  ii  Ihe  obvious  confequence  of  an  tncreafe 
of  the  lenglli  of  the  patlis  of  the  tight,  which  now  traverfes 
both  mediums  obliquely  ;  and  the  eiied  is  every  where  the 
fame  as  that  of  a  thicker  plate. 

It  muft  however  be  obferved,    that  the  colourt  are  not  The  cumj 
produoul  in  the  whole  light  lliat  Is  tranfmitted  through  tlie  ^e^f  of  <>>« 
inediuBU  :  a  fmall  portion  only  of  each  pencil,  palling  Oirough  muth  IfOt 
the  water  coniiguous  to  the  edges  of  the  particle,  is  fuffrciently  ''«'"  *"  *""» 
coinciilent  with  the  light  trEuifinilted  by  the  neighbouring  por-  *ffj|^'''  ** ' 
tions  of  air,  to  produce  the  neceSary  interference  ;  and  it  is  ,, 

cafy  to  Ihow  that,  on  account  of  llie  natural  concavity  of  the  ^^^ 

furfuce  of  each  portion  of  the  fluid  adhering  to  the  Iwn  ptecei  ^^^| 

ofglafs.  a  confiderablepoition  of  the  light  which  is  beginning  ^^H 

10  pafs  through  tbc  water  will  be  dilSpated  laterally  by  redec-  ^^H 
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lion  at  ils  entrance,  and  that  much  of  the  light  palling  through 
the  air  will  be  fcailered  by  refraction  at  the  fecond  furlace. 
For  ihefe  reafonc,  the  fringes  are  feen  when  the  plates  are  not 
di  reifily  inlerpofed  between  the  eye  and  the  luminous  object  f 
and,  on  account  of  the  abfence  of  foreign  light,  even  more 
diflin^ly  tlian  when  they  are  in  the  fame  right  line  with  that 
ofajufi.  A  nd,  if  we  remove  the  plate"  to  a  confiderable  dillance 
out  of  this  line,  the  ring^  are  (till  vilible,  and  become  larger 
than  before;  for  here  the  aftual  ruule  of  the  light  paf&ng 
through  the  air,  h  longer  than  that  of  the  light  patfmg  moro 
obliquely  through  the  water,  and  the  difference  in  the  times 
of  palTage  is  telTetied.  It  is  however  impolTible  to  be  quite 
confident  with  refpefl  to  the  caufei  of  Ihefe  minute  varia- 
tions, without  fome  means  of  afcertaining  accurately  the 
forms  of  the  dil£pating  furtaces. 
The  ••gumentj  In  applying  ihegeneral  law  of  interference  to  ihefecoloun, 
from  the  grncMl^  wel!  3S  to  ihofe  of  thin  plates  already  known,  I  mullconfefa 
niDcity  of  un-  *-^^  ''  IK  impnflible  to  avoid  another  fuppoiition,  which  ii  a 
^uliijon  ii  part  of  tiie  uniiulalory  theory,  that  is,  thai  the  velocity  of  light 
mcdlumi  '^  ^'"^  greater,  the  rarer  the  medium  ;  and  that  thete  is  alfo  ft 

condition  annexed  to  the   explanation  of  the  colours  of  tliin 
The  ceniril        plates,   which  involves  another  part  of  the  fame  theory,  that  is, 
f      bubbkii     ^^^^  where  one  of  the  portions  of  light  has  been  refleSed  at  the 
produced  by  "ti-  furface  of  a  rarer  medium,  it  muft  be  foppofed  to  be  retarded 
*d  frocn'heion-^"^ ''^"^  *''^  ^''^  "PP'^^P""'^ '"'^''^*"''   ^"^  Inflance,  in  the  cen- 
fioFs  oil  dcnfe  tral  black  fpot  of  a  foap-bubble,  where  (he  aflual  lengths  of 
Md  >  laie  nw-^  jijg  pg,[jj  ^^^^  nearly  coincide,  but  the  etfed  is  the  fame  as  if 
Itmca  CO  defticy  Dtle  of  the  portions  had  been  fo  retarded  as  (o  dellroy  the  Other. 
«k)iii[Iiui         Fromconfidering  the  nature  of  ihisciicumftance,  I  ventured  to 
predifl,  that  if  ihe  two  refledions  were  of  the  fame  kind,  made 
at  thefurfaces  of  a  thin  plate,  of  a  denQty  intermediate  between 
the  denfities  of  the  mediums  containing  it,  the  effefl  would  be 
I  reverfed,  and  the  central  fpol,  inflead  ofblack,  would  become 

'  white  J  and  I  have  riow  the  pleafure  of  dating,  that  1  have  fully 

» tonttsry  tlTeft  V'^^''^^'^  ^^'s  predidion,  by  inierpofing  a  drop  of  oil  offalTafra^ 
iipiodneedwhen  between  a  prifin  of  fiini-glaf*  and  a  lens  of  crown  glafs;  the 
«  fmm'if<™r  '^^"'■■^l  ''P"'  ^^"  ^y  "'^'^^^^  'ig'''  w^  "fi'le.  and  furttiunded 
■Ndiuin.  by  a  dark  ring.  It  was  howe^'cr  necelfary  to  ule  fome  force,  in 

order  lo  produce  a  Conla£l  fufficienlly  intimate;  and  the  white 
fpot  differed,  even  at  lall,  in  tiie  fame  degree  from  perlie£l 
u'bitenefs,  astbc^bkck  (pot  ufuall^  does  from  perfect  bl^ck- 
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TTie  colour*  of  mixej  plates  fugged  to  me  an  idea  wliith  BirperGon  of 
appeari  to  lead  In  an  e^pla nation  of  tlie  difperfioii  of  colours  by  JJ!^((""|,^J  "^^^^ 
tefrafliun,  more  liniple  and  latislactory  tliaii  llial  whicli  I  a<t-  ti  from  ibe  af. 
vanced  in  Hie  lad  Bakerian  leflure.     We  may  ruppofe  ihat  ["TP''""  '■"** 
«very  rel'rafiive  medium  Iranfmils  the  undublions  conltituiing  through  the 
light  in  two  leparale  portion',  one  pafling  tlirougli  its  ultimate  P"''ii)r»  t^t 
particles,  and  ilie  other  through  its  pory*;  and  that  ihefe  por-  amaf 
lion)  re-unite  conlinually,  after  each  rnccclTive  feparation,  tlie 
one  having  preceded  tlie  other  by  a  very  minute  but  conltant 
interval,  depending  on  the  regular  arrangement  of  the  particles 
of  a  homogenous  medium.     Now,  if  thefe  two  portions  were 
always  equal,  each  point  of  the  undulations  refultjng  fromthdi 
re-union,  would  always  be  found  half  way  between  Ihe  places 
of  thecorrefponding  point  in  the  feparale  portions;   but,  fop- 
poGng  the  preceding  portion  to  be  the  fmaller,  the  newly 
combined  undulation  will  be  lefs  advanced  than  if  both  had 
been  equal,  and  the  diiference  of  its  place  will  depend,   not 
only  on  the  difference  of  the  length  of  llie  two  routes,  which 
will  be  coiiftanl  for  all  the  undulations,  but  alfo  on  ilie  law 
and  magnitude  of  thofe  undulation;;  fo  that  (he  larger  un- 
dulations will  bt  fumewbal  further  advanced  after  each  re- 
union   than   Ihc  fmaller  ones,  and,  the  fame  operation  re- 
<:urring  at  every  parijcle  of  the  medium,  (he  whole  progrefs 
of  the  larger  undulations  will  be  more   rapid  than   that  of  the 
-fmaller ;  hence  the  deviation,  in  conlcquence  of  the  retarda- 
tion of  llie  motion  of  light  in  a  denfcr  medium,  will  of  courfe 
be  greater  for  the  Imaller  than  for  the  larger  undulations. 
Alfuming  llie  law  of  Ihe  harmoikic  curve  Ibr  tlie  motions  of 
(he  particles,  we  might  without  much  difHcully  reduce  thi^ 
conjecture  to  a  comparifon  with  experiment ;  but  it  would  be 
necelTary,  in  order  lo  warrant  our  conclufions,  to  be  provided 
with  very  accurate  meafu res  of  the  refraClive  and  difperGve 
powers  of  various  lubftances,  for  rays  of  all  defcriplions. 

Dr.  Wollalion's  very  rnterefting  obfervations  would  furnifli  Compitlfon  of 
great  alfiliance  in  this  inquiry,  when  compared  with  the  fepa-  ^'-  WoUaSoo' 
ration  of  eoloursby  thinplates,  I  have  repealed  his  experiments  ftJ„*'o„  ^^ 
on  the  fpeClrum  with  perle£t  fuccefs,  and  have  made  fome  loioun  bj  jhii 
attempts  tu  procure  comparative  meafures  from  thi 
and  I  have  (bund  that,  as  Sir  Ifaac  Newton  has  already 
obferved,  the  blue  and  violet  light  is  more  difpcrfed  by  re- 
I'niClioti,  than  in  proportion  to  the  difieience  of  the  appropriate 
dimcufions 


di men fiDiis  deduced  from  the  phenoinenaoTlhin  plaice.  Hcdcc 
il  happens,  ihat  wlien  a  li:i e  of  ihe  lighl  proceeding  to  rorm  an 
image  of  the  rings  of  colours  of  thin  pbtei^,  i<  inieiCLplcd  b>  » 
piifm,  and  an  aflual  piiiure  is  tbrmed,  rtfembling  llie  fcale  de- 
lineated by  Newlon  from  theory,  for  efliinaimj;  ilie  colour*  of 
patticlet  of  given  dinienfiofis,  the  oblique  lpc-£trums,  formed  by 
the  diflerenl  colours  of  each  feries,  are  not  Draighl,  bu(  curved, 
the  lateral  refraClion  of  the  prifm  feparaling  the  violet  end 
more  widely  than  the  red.  The  ihicknefi  corrcfponding  to  llio 
extreme  red,  the  line  of  yellow,  bright  green,  bright  blue,  and 
extreme  viole I,  I  found  to  be  invcrfcly  ai  tlienunibers  27,  SO, 
33,  40,  and  ii,  rcfpeclivel^.  In  confcquencc  of  Dr.  Wollafion't 
<x>rrc£lion  of  the  dcfcripllon  of  tiie  prifmalic  fpetitum,  com- 
pared with  tliefe  obfervations,  it  becomes  necelFary  to  modify 
the  fuppofiliun  that  I  advanced  in  tlic  la[1  Bdkerian  ledure, 
ri*rpe£iing  the  proportions  of  the  fympathttic  libres  of  the 
retina ;  fubDituting  re^i,  green,  and  violet,  for  red,  yellow, 
and  blue,  and  the  numbers  7,  6,  and  5,  for  8,  7,  and  6. 
SnbdJTilioD  or  '^^^  fame  prilmalic  analylis  of  the  colours  of  thin  plates, 
ihc  I^ghi  of  >  appears  to  I'urnilli  a  faliifaclory  explanation  of  Ihe  fubdivifion 
'""■"t^"-     of  the  light  of  the  lower  part  of  a  candle:  for,  in  fafl,  the  light 


pi. 


tranfinitted  through  every  part  of  a  thin  plate,  is  divided  ii 
fimilar  manner  into  diJlinfl  portions,  increafing  in  number  with 
(he  thicknefs  of  the  plate,  until  they  become  too  iniiiule  to  be 
vifible.  At  the  thicknefs  correfponding  to  Ihe  ninth  or  tenth 
portion  of  red  light,  the  number  of  portions  of  diiTerent  colours 
is  live ;  and  their  proportions,  as  exhibited  by  refraftion,  are 
nearly  the  fame  ai  in  the  light  of  a  candle,  ilie  violet  being  the 
broadeil.  We  have  only  lo  fiippofe  each  particle  ot  tallow  lo 
be,  at  its  dtti  evaporation,  of  fuch  dimenlionsas  lo  produce  the 
lame  effect  as  the  thin  pbte  of  air  at  (his  point,  where  it  is 
about  rs^sQ  of  an  inch  in  thicknefs,  and  to  reQeft,  or  perhaps 
rather  to  tranfniit,  the  mixed  light  produced  by  the  Incipient 
combuftion  around  it,  and  we  (liall  have  a  lighl  completely  re- 
fembling  ihat  which  Dr.  Wollafton  has  obfcrved.  There 
appears  to  be  alfo  a  fine  line  of  (trong  yellow  tight,  fcparale 
from  the  general  fpecirum,  principally  derived  from  the  moft 
fuperAcial  combudion  at  the  margin  of  the  flame,  and  incre^- 
iiig  in  quantity  as  the  Hame  afcends.  Similar  circumllances 
might  undoubtedly  be  found  in  other  cafes  of  the  produflion 
or  modification  of  light ;  and  experimcots.  upon  this  rubjed 
might 
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might  lend  greally  (o  eflablifh  the  Newtonian  opinion,  that 

the  coiours  ol'  all  natural  bodies  are  fimilar  in  their  origin  lo 

thofe  of  thin  plates;  an  opinion  which  appears  to  do  the 

highcd  honour  to   the  Tagacity  of  its  author,  and  indeed  to  I 

form  %  very  conAderable  Dep  in  our  ailvanccs  towatih  an  ac- 

quaintance  with  the  intimate  conllitution  and  arrangement  of 

material  fubliances. 

I  have  lately  had  an  opportunity  of  confirming  my  fofmer  Dlfpsrfiue 
obfervalions  on  the  difperfive  powers  of  the  eye.  I  find  that P"""  "''^ 
at  the  refpeflive  dillances  of  10  and  15  inches,  the  extreme 
red  and  extreme  violet  rays  are  fimilarly  refrafted,  the  dif- 
lerence  being  expte (Ted  by  a  focal  tcngth  of  30  inches.  Now 
the  interval  between  red  and  yellow  is  about  one-fourth  of 
the  whole  fpeftrumi  confequenlly,  a  focal  length  of  !20 
inches  exprelTe*  a  power  equivalent  to  the  difperfion  of  the 
red  and  yellow,  and  this  dificri  but  little  from  132.  which 
was  the  refult  of  the  obfervation  already  defcribed.  I  do  not 
know  that  thefe  experiments  are  more  accurate  than  the 
former  one  ;  but  1  have  repeated  them  feveral  times  under 
difTereiit  circiim (lances,  and  1  have  no  doubt  but  the  difper- 
fion  of  coloured  light  in  the  human  eye  le  nearly  Titch  a$  I 
have  dated  it.  How  it  happens  lo  be  no  greater,  leant 
at  prefenl  uii.lectake  to  explain. 


J  Memoir  on  ihe  Wax  Trrc  of  Loaifi'ina  and  Pennfylvania.     By 
Chaklej  Louis  Cadlt,  of  tlu:  Oillege  of  Pharmarj/  at 

A  GREAT  number  of  plant*,  fuch  as  the  cro(on_/t6ifrruBi,  Wi. 
the  tonitx  fibifrrn  of  Lourtiro,  the  poplar,  the  alder,  iheP'"" 
ptne,  and  fi-vcral  tabiated  plants,  atTord  a  concrete  indamma- 
ble  matter  by  decofHon,  mote  or  lef*  rtfemhling  tallow  or 
wax,  that  is  to  fay,  a  fixed  oil  falurated  wilhoxigen.  The 
light  matter,  which  is  called  the  down  of  fruits,  which  filvers 
fhe  fuiface  of  prunes  and  other  Hone  fruits,  is  wax,  as  Mr. 
prcHjft  has  fin;wn.     But  the  tree  which  prefenls  this  TubDance 

•  TranHated  fram  the  Aon.  de  Chimie,  XLIV.  UD. 
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dufli>c  l/che 

in  the  grealcfl  abundance,  and  in  more  rerpcfls  ihan  one,  b 
enlilted  lo  the  attention  of  cullivalurt,  is   tlie  myrica  <xr\ftra. 

or  «BK  free. 

lu  eirly  hlflo.j 

We  read  in  the  Hiflory  of  the  Academy  of  Science*  for  the 

years  1722  and  I'US,  that  M.  Alexandre,  furgeon,  corru- 
fpondeiit  with  M.  Marian,  had  obferved  at  Louifiana  a  tree  ui^ 
the  fize  of  a  cherry  trw,  hnvirg  the  appearance  of  the  myr- 
tle, and  bearing  a  grain  ofthe  fize  of  coriander  feed.  Thefe 
grains,  ofa  grey  adi  colour,  contain  a  fniall  round  hard  ker- 
nel, which  is  covered  with  a  fliinjng  wax  that  maybe  ob- 
tnined  by  boiling  the  grains  in  water.  This  wax  is  drier  and 
wore  friable  Ihan  ours.  The  inhabitants  make  candies  of  it. 
M.  Alexandre  adds,  "  This  grain  is  ufually  of  a  deep  and 
beautilul  lake  colour,  which  by  merely  cruftiing  with  the  lin- 
ger!! leaves  them  tinged,  but  this  is  only  at  a  particular  feafon,'' 

The  liquor  in  which  llie  grain  has  been  boiled,  and  from 
wlience  the  wa>L  is  procured,  having  been  poured  out  and 
evaporated  to  the  confidence  of  an  extrafl,  M.  Alexandre 
difcovered  that  it  checks  Lhe  mofi  obAinate  dyfenieries. 

The  advantageous  properties  that  this  tree  appears  la  pof- 
felf,  ought  lo  have  induced  philofophers  lo  make  enquiries  lo 
afcertain  the  various  properties  of  the  vegetable,  aiid  what 
iittcnlion  its  culture  might  require;  it  has  been  long  conll- 
dered  merely  as  an  objefl  of  curioCty. 

Linnxus,  in  his  vegetable  fyflem,  only  mentions  the  wax 
tree  of  Virginia,  myrica  cerifera,  the  leaves  lanceolaled  as  if 
denlaied,  and  the  flem  arborefcenl. 

On  enquiring  of  Cil.  Ventenat,  whether  there  were  fev&- 
■-  ral  fpcxics,  he  informed  me,  that  Aylon  diHinguilUes  two, 

1 .  The  myrica  ceri/cra  emguftifoUa,  which  grows  in  Loui- 
fiana. This  tree  is  very  delicate,  it  flowers  with  difficulty  ii) 
our  green  houfes;  and  its  graiiu  are  fmaller  than  thole  of  th« 
following. 

2.  The  myrica  cerifira  lalifolia,  which  groivs  in  Pcnlyl. 
vania,  Carolina,  and  Virginia,  does  not  rife  fo  high  ai  the 
former;  it  is  perl'eClly  naturalized  in  France.  Thcfe  two 
Ulrica  are  dixcous. 

They  are  both  cultivated  in  the  Mujhm  dts  Ptantn,  and  iq 
the  gardens  of  Citizens  Ccls  and  Lcnionier  (at  Paris." 
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Cit,  Michault  admits  of  a  third  fpecies  of  myrica  ceriftra, 
tvliich  he  calls  Ihe  dwarf  wax  tree.  Cit.  Ventenat  believt's 
that  wax  may  be  procured  from  all  the  myrica. 

The  authort  who  hare  mentioned  ihefe  treei  with  fome  de-Aathon  wha 
tail  are  Marfhal,  Iranllated  (into  French)  by  Leferme,  Lepage- ^ "**''?""•• 
Dupral,  and    Tofcan,    librarian   at   the   Mufeum   of  Natural  ^  '- 

Hirtory.  A  memoir  Inferted  by  the  laft  in  his  worL  inlitled 
I.' Ami  de  la  Nature,  (hews  the  manner  in  which  tlie  vegetable 
W3N  i*  rolleflcd  in  the  colonies. 

"  Towards  Ihe  end  of  autumn,"  fays  he,  "when  the  ber- Mfiffeo'- 
ries  are  ripe,  a  man  leaves  his  houfe,  together  with  his  family,  -^  abmjim. 
to  ffj  to  fome  illand  or  bank  on  the  fea  tliore  where  the  waK 
trees  grows  in  abundance.  He  carries  with  him  veflels  lo 
bi>il  the  berries,  and  a  hatchet  lo  build  a  cottage  wliero  he 
nay  find  (belter  during  his  rcfidencc  in  this  place,  which  u 
nfu'illy  three  or  four  weeks.  While  he  cats  down  the  trees 
bis  children  gather  the  berries,  A  very  fertile  (lirub  will  af- 
ford neat  feven  pounds.  When  Ihefe  are  gathered  the  whole 
family  employ  themfelvesin  procuring  the  wax.  They  throw 
a  certain  quantity  of  berries  into  tJie  kettle,  anil  then  pour  a 
liiilicieni  quantity  of  water  on  them  fo  as  to  cover  them  lo  » 
depth  of  about  half  a  foot.  They  boil  the  whole,  ftirring  the 
•rains  about  and  rubbing  lliem  againll  the  (ides  of  the  velTcl, 
111  order  that  the  was  may  more  eafily  come  off.  In  a  (Iiort 
time  it  floats  on  the  water  like  fat,  and  is  collefled  with  a  t'puon 
and  (trained  through  a  coarfe  cloth  to  feparate  it  from  anv  im- 
purities which  might  be  mixed  with  it.  When  no  more  wax 
can  be  obtained,  they  (ake  the  berries  out  with  a  Ihtmmer, 
and  put  others  into  the  fame  water ;  but  it  mufl  be  entirely 
changed  Ihe  fecond  or  third  lime,  and  in  the  mean  time  boil- 
ing water  mull  be  added  a;  it  evaporates,  in  order  to  avoid 
retarding  the  operation.  When  a  conCderable  quantity  ol 
wax  has  "been  obtained  by  this  means,  it  is  laid  upon  a  cloth 
to  drain  off  the  water  with  which  it  is  ilill  mixed.  It  is  ther. 
dried  and  melted  a  fecond  lime,  to  render  it  mure  pure,  and 
it  is  then  formed  into  maffes.  Four  pounds  of  berries  aflbrd 
about  one  of  wax ;  that  which  is  litll  obtained  is  generally 
)ulluw:  but  in  the  lallcr  boilings  it  alTumes  a  green  colour 
(lom  the  petllclc  with  which  the  kernel  of  the  berry  ii  co- 
vered." 

The 
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It  ii  iliere  u(ed  The  Iraveller  Kaltn,  fpeaking  of  the  vegetable  wax,  fayi, 
ft,r(Mp  nukini.  [|,aij„  [[,g  country  where  ihe  wax  tree  grows  tliey  make  ex- 
cellent foap  of  it,  whidi  wallies  linen  perfcai/ while. 
The  iuihof  ob-  Such  are  the  noliuiii  which  have  been  formed  refpeCling 
U^«  (Mitofihc  j^^  ^^,^.^^  _  ^1  j^^  ^^  ^jl^^  ohfervations  had  been  publiftied 
to  my  knowledge,  when  a  naturalift  favoured  me  with  half  a 
kilogramme  (1T|  oz.  avoirJ.]  of  tlie  vegetable  wax  of  Loui- 
fiana.  I  was  delirous  n(  making  a  compiiralive  analyfis  of  il 
with  bees  wax  ;  but  before  I  uudertook  this  work,  1  wiihed 
tu  fee  tlie  tree  and  berry  of  the  myrica.  I  Taw  this  precious 
vegetable  at  the  Jariiin  de*  PlaiUa,  and  1  wrote  to  Cit. 
DeAiayes,  a  zealous  botanill,  who  cultivates  the  myrica  pen- 
fylvania  al  Kambouillet,  lo  ret^uefi  him  to  give  me  iome  in- 
formalion  concerning  il.  He  had  the  poUtenefj  to  fend  me 
an  anfwer  with  fume  of  the  berries,  which  I  immediatel}'  ex- 
amined. 

This  grain  is  a  kind  of  berry  of  the  fize  of  a  pepper  corn  ; 
the  oullide  when  it  is  ripe  and  fre(h,  is  white,  and  covered 
with  fniall  black  afperiCies  which  give  it  ihc  appearance  of 
Hiagreen.  When  it  is  rubbed  in  the  hands,  il  renders  ihem 
gceafy  or  unCtuous. 

If  one  of  thefe  little  berries  be  Orongly  prelTed,  I(  parts 
with  a  matter  refembling  flarch,  and  mined  with  fmall  brown 
round  grains  like  Ane  gunpowder.  The  nut  which  remains 
bare  has  a  very  thick  hgneous  covering,  and  contains  a  dyco- 
tildonous  kernel.  By  rubbing  a  handful  of  the  berries  on  a 
fieve  of  horfc  hair,  I  oblained  a  grey  powder,  in  which  the 
eye  diilinguidies  without  (he  alliiiance  of  a  magnifying  glafs, 
the  rinall  brown  grains  I  mentioned,    mixed  with  a  vfhite 

Jfplicitlan of         I  put  this  povtrder  into  alcohol,  which  witli  the  al&llancc  of 
**'^-  a  flight  heal,  diffolved  all  the  white  part,  and  left  the  black 

powder  which  I  leparated.  Water  pouted  on  this  folution  in 
alcobol  farmed  a  precipiiale  that  Hoated  on  the  I'urface  of  the 
liquid,  i  melted  this  and  oblained  a  yellow  was  refembling 
that  fent  me  from  Loulliana.  Thib  expcrinie^it  compleatly 
proves  thai  the  wax  of  llie  myrica  is  tlie  white  grunious  mat- 
ter thai  furrounds  Ihe  berries, 
■owdei  The  black  powder  which  was  feparated  appeared  to  nie 

K  (iirftce  jg  ggniain  the  colouring  principle,  and  I  hoped  alfo  lo  fiud  »• 
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Wax  tree  or  Louisiana. 
i(  l!ie  beautirul  lake  menlioned  by  M.  Alexandre.  Willi  ihis 
notion  I  cruflied  the  powder  iironf}y,  and  boiled  it  in  a  folii- 
tion  oracifl  fulphaleof  alamlne  ;  but  was  very  much  furprired 
lo  obtain  nothing  but  a  liquor  fcarcely  coloured,  and  by  which 
the  aluniine,  when  precipitated  by  an  alcati,  wai  but  liigiitly 
tinged. 

I  lodL  annlher  portion  of  this  line  black  powder,  and  jn- 
fiifed  it  in  alcohol,  I  foon  obtained  a  linfiure  of  the  colour  ut 
wine  Ices,  which  on  being  healed,  became  as  red  as  a  ftrong 
tinclure  nf  (]iiinquina,  or  terra  japonica.  The  refutl  led  me 
to  think  that  the  colouring  principle  was  refinoii;;  but  on 
adding  vvaler  lo  il,  I  did  not  peiceit'e  that  any  precipitate 
was  ibrnied. 

I  then  poured  into  this  tinflure  ivater charged  with  fulphalr 
of  alumina,  and  obtained  flight  precipitate.  A  folulion  of 
lulphate  of  iron  immediately  formed  ink. 

What  may  this  ailringent  colouring  principle  be  which  isTht  powierrf. 
only  Ibluble  in  alcohol,  which  is  not  precipitated  by  water,  ^"(^'"^i^^^' 
and  has  fo  little  attraflion  for  aluminef  To  difcover  il,  it  i« alcohol. 
tieceir;iry  to   make  a  courfu  of  experiments  which  Ihe  faiall 
(juanijiy  of  llie  fubftance  I  was  in  polTeflifln  of  would  not  per- 
mit me  to  undertake.     The  aftringent  matter  mentioned  by 
M.   Alexandre  mull  be  found  in  the  decoction  of  the  entire 
grain.     To  afcertain  this  fait  I  boiled   fomc   in  a  filvcr  iDuce- 
pan,  the  dcco£lion   upon  which   floated  a   lillle  of  the  wax, 
was  of  a  greenifh  colour,  its  lade  (lightly  liyplic,  and  il  pre- 
cipitated black  ferruginous  folulions,     I  heated    il  in  an  iron I<  contained  |iU 
vellel  for  that  purpofe,  and  it  immediatdy  became  black.     To 'j^'^"""""  ** 
difcot'er  whether  this  properly  arofefrom  the  gallic  acid  alone, 
or  from  tanin,  I  mixed  a  little  of  the  concentrated  decoflion 
with  a  fiiiution  of  gelatine,  but  il  afforded  no  precipitate. 

II  in  therefore  lo  the  confiderab'e  tjuantity  of  galhc  acid 
which  the  berries  of  Ihe  my nca  contain,  Ihal  we  mull  attri- 
bute it)  elTefl  in  dyfenteries.  I  therefore  fuppofe  that  the 
bark  and  leaves  of  the  tree  rooft  contain  an  exlraa  much 
more  allringcnl  than  the  berries. 

The  examination  of  the  wax  afforded  extremely  interefling Ei 
refults.  '** 

In  whatever  manner  the  wax  may  be  obtained  ;  by  the  de- 
coflion  of  the  grains,  or  the  folulion  of  ihe  powder  when  pre- 
cipiuted  from  alcohol  by  water,  Ibis  wax  when  melted  is  al- 
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ji  Ii  greeniOi  ways  of  a  grcenilh  yellow.  It  isof  a  firiuer  cunGfietice  (lian 
an"  mi?te*'biTtilc  ^^^'  ^^^'  ''  "  ^''X'  ^"^  fufficienlly  IriabJu  to  Lii  pulverized. 
ihan  but  wii,  In  a  word,  it  h  evidently  mure  oxigenated  than  liie  wax 
'''^' """  '"  prepared  by  liect.  Candles  made  of  the  wax  of  llie  myrica 
cmiuj'frjEt""*"""'  awhile  tlame,  a  good  light,  without  I'molte,  aiid  do 
fcxll-  not  gutter  s  they  emit  v**hen  quite  frelli   a  ball'amic   odGur, 

which   the  inhabitants  of  Louiftatia   confider  ax  extremeljr 
Ja  dltlillidon  it  wholefome  for  perfons  in  ill  health.     When  didilled  in  a  re- 

fc^w'^j^  '""  '"'''  '■^"  ^^^  P"**^^  '**'^''  '"''  ^^  ™**^  P'^'  '"  ^^  ^°"°  °""^ 
ler.  This  portion  is  much  whiter,  and  lias  no  mure  confid- 
ence (ban  tallow.  Another  portion  thai  was  decompofed  af- 
forded a  little  water,  with  fume  cmpyreuniatic  oil,  and  febacic 
acid.  Much  carbonated  hJdrogcn  gas,  and  carbonic  acid  gas 
were  difengaged  ;  there  remained  in  the  retort  a  black  and 
coaly  bitamen.  Wax  ufually  is  afieaed  in  the  fame  mannci 
by  diftillation. 

Eiher  dilTilvri        I  have  already  mentioned,  that  alcohol  dilfulves  the  wax  of 

Idulw" '''"'      '''^  tnyrica,   but  elher  diCTolves   it  better,  and   it   feparatei  in 

the  form  of  flalagmiles  by  the  evaporation  of  the  liquid;  nei- 

I  therofthcm  difcolour  it.     If  this  wax  be  boiled  with  weak 

f  fulphuric  acid  it  becomes  paler,  but  there  is  no  evident  cora> 

binjtion  of  the  acid  with  it.     The  yellow  beea  wax  under  Uie 

lamu  circu  ml  lances  did  not  change  colour. 

Oi.  mar.  icid         Oxigenated  muriatic  acid  renders  bolli  kinds  of  wax  pcrfefilj 

'•'*^"  ''•        while.  The  vegeuble  wax  is  tlie  mod  difiicult  lo  be  bleached. 

Iiitlbluhlcin  Vegetable  was  diliblves  in  ammonia:  the  folutionUof  a 
*  brown  colour  ;  a  portion  of  the  wax  is  faponified.     Volatile 

alkali  has  much  lefs  adion  on  bees  wax. 

mi  fbnm  totf        Boi|,  tjnds  of  wax  when  Ilronjily  agitated   In  >  boiline 

■with  fined  ilkiii-r  ,      .  r  r-  n       ■  ,  ■  ,  ^  .  r     * 

lolution  Ci  cauftic  poialli,  become  white  and  form  a  real  loap 
as  Kalm  ubferved. 
fclp*'^'"''' '"      '*■'»'  whilenefs  acquired  by  the  wax  during  this  faponifica- 
tion  ii  not  a  new  phenomenon.     Chaplal  in  his  procefi  for 
bleaching  by  the  vapor  of  alkaline  leys,  proves  that  the  colour- 
ing  principle  of    vegetables  yields  lo  the  afliun  of  alkalis. 
Some  cliemilis  h.ive   attributed   Ibis  efTca  to  the  dirtfl  com- 
bination of  the  fodaor  poiafli  with    liie  coloured  extrafl,  a 
combination  which  makes  it  almoll  of  a  foapy  quality,  and 
lenders  it  folable, 
v«'«oniheM'       ^   apprehend   that  in   this  operation,  the  alkali  exercifes  a 
igcaiiionDf  the  double  ^tlraftion  on  ihc  oil  or  wax,  liilt  dircftly  with  the  con- 
•'• '"  '"P-  ftilaent 
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Iciluent  prJDcipleioflheoil  and  then  predirpoAng,  and  favour- 
ing (lie  combination  ol'  the  atmofpheiic  oxjgen  with  the  oil  or 
wax.  I  do  not  know  whether  mj  notion  U  original  ;  but  I 
deHuced  it  from  the  obrervation  of  what  palTcs  during  the  J 

decora  pofi  lion  of  a  foapby  an  acid  :  the  oil  is  always  concrele 
and  becomes  oxigenated.  It  would  be  interefiing  for  chemical 
theory  to  make,  if  it  were  polSble,  a  foap  in  a  clofud  apparatus 
the  air  of  which  mighi  be  examined  after  the  experiment,  or 
in  diKereol  gafes  not  containing  oxigen. 

When  the  foap  of  myrica  h  dccompofed  a  very  while  wax  The  «(.  Mc 
15  oblain<^,  but  m  a  peculiar  flate  rendering  it  unfit  for  <""  i^^pie'uji^" 

ufw.  ftltt 

Litliarge  or  tlie  fcmi-vitreoui  oxide  of  lead  dilfolves  very  PlufUn  i^itk 
well  in  mdted  wax  of  Louifiana  ;  il  form?  a  very  hard  plaifter,"!-  *"* 
but  i(^  confluence  may  be  diminifhed  at  pleafure  by  the  addition 
of  a  lilile  oil.     If  a;  there  is  reafon  to  fuppofe,  the  wax  of 
inyrica  retains  a  portion  of  the  ftAringeot  principle  afforded  1 

by  the  decoflion  of  the  berries,  phylicians  may  perhapi  dif- 
cover  fome  ufeful  topical  remedies  in  the  compoundi  of  this 

From  what  has  been  fatd,  we  fee  that  the  mjrica  may  beOrfit  vilkftt 
of  the  grealeft  life  to  the  arts.     The  wax  which  it  affords  ii     '  """* 
fullicienlly  abundant  to  recompenfe  the  care  and  expenfe  of 
cultivating  il.     For  a  bulli  in  a  full  bearing  yields  from  Gx  to 
feven  pounds  of  kernels,  one  fourth  of  which  may  be  obtained  ' 

in  wax.     Il  is  fuperior  in  quality  to  bees-wax. 

The  aftfingent  principle  of  the  myrica,  estrafled  in   thcMJof  itstftrfa- 
Jargc  way  may  be  very  ufeful  in  medicine  and  in  ihe  arts ;  jiC"'""™'- 
may  to  a  certain  extent  be  fubilituted  inficad  of  nut  galls  ia 
d}'c>"g>    bat  making,  and  probably    in  certain  procelTes  of 
tanning.     The  colouring  principle  appears  fufficienlly  foli'dto 
deferve  fome  atienlion  ;  and  if  it  be  true  that  feme  fine  lakes  J 


have  been  obtained  from  it  in  LouiHana,  why  may  we  not  u- 
peQ  advantages  from  it  in  painting. 

Laflly  when  this  wax  Ihall  have  become  plentiful  and  cheap 
in  the  market  it  promifcs  great  advantage  in  the  fabrication  of 
foap. 

The  art  of  bleaching  this  wax  will  alfo  rec]uire  a  coutfe  bfTa  U 
experini^^nlal  lefearch;  if  it  ije  propufed  to  operate  econo-***' 
inically  .ind  in  the  large  way.     Two  re.agents  prefent  liiem- 
felvcs  to  manufaflurers ;  thefulphuric  acid,  and  tt>c  oxigenated 

Vol,  IV. — Makch.  Q  muriatic 
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niuTiatic  arid.     Bui  as  the  wnx  Aoci  not  (ink  ii 

wc  rauft  mulliply  ihc  conlafls  either  hy  flicing  b 

it  wilh  l!ie  oxigenstcd  muriatic  acid,  or  by  im 

divided  llate  in  cafki  into  which  (he  oxig«iiated  inuriatlc  gai 

(Iioiild  be  paHed. 

I  (liallproporea  third  Tphirh  promifes  a  fpeedier  cflecl.  Tho 
was  in  a  very  divided  ftalc  is  to  be  flratilied  in  a  calk,  with 
fiiper-osigenaled  niiiriate  of  lime  ;  in  this  manner  they  are  to 
be  difpofcd  in  firata,  and  left  Tor  feme  lime  in  coiila^t  wiUiout 
moifiure.  Tiie  fah  is  afterwards  lo  be  decompok-d  with  water 
acidulated  by  ihe  fulphuric  acid  ;  taking  care  ippoar  Ihewaier 
a  little  at  a  time  at  dilfert-nt  tnlervah,  until  thi:rc  Hiall  be  no 
Iciiigct  any  perceptible  difeiigagement  ol  muriatic  gas;  a( 
wliicli  period  a  Urgt-  quuniily  of  water  is  to  be  added  and 
the  miMure  agltatiHl  with  a  llair.  The  inrolilblc  fulphate  of 
lime  faila  down  by  repolc,  while  the  bleached  wax  rifes  and 
fwims  at  the  furface.  'Hiisis  to  be  walhed  and  melted  un  tite 
water  bath. 

1  (hall  conclude  this  memoir  by  offering  fome  notions  rerpefl- 
ing  the  culture  of  tlie  injjrica  paij^kaakii. 

Cil.  Deftiaycs  to  whom  I  am  indtbled  for  the  trials  I  have 
made  has  obterved  the  was  tree  for  feveral  years  at  Rani- 
botiillet.  The  following  is  what  he  w  rites  to  me  on  die  Tut^ca. 

"  The  mi/rica  (latifalia)  Ayton  ii  here  abfolutely  in  its 
native  country  ;  rl  is  in  the  foil  bell  fuited  to  it,  namely  in  a 
Tandy  and  blackilh  turf:  we  have  lixtecn  very  flouri  thing  wax 
trees.  Their  height  is  from  Aiur  lo  live  and  (is  feel,  and  one 
of  them  a  male  is  feven  feel  high.  The  berries  are  abundant 
almoD  every  year,  I  fay  almofl  becaufe  there  arc  fome  years 
in  which  they  have  failed.  In  general  this  fruit  thrives  very 
well  in  the  part  of  the  Englifh  garden  atTigned  to  it. 

"  Tlie  culture  requires  no  care.  Every  year  numerous 
(hbots  are  taken  off  which  rife  at  the  (ect  of  the  targe  wax 
trees.  Thefc  are  planted  in  other  parts  of  ihc  garden  at  tht 
di/ianceof  one  metre  or  yard  afundcr." 

The  grain  may  be  fowed  in  the  ground  in  fpring,  and  after- 
wards Iraiifplanted,  but  the  procefs  would  be  too  long.  Tl* 
myrica  fucceeds  wherever  the  foil  is  light  and  rather  moid. 
How  many  provinces  are  there  in  which  lliis  cultivation  might 
become  ufeful  and  give  employment  to  bnds  at  prcfent  nearly 
abandoned. 

How 
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How  great  are  [he  advantages  our  agriculture  might  expert  It  trtn  gnnrt 
from  this  accjuifilrrm,  fince  the  myrica  has  long  ago  been  feen"'""' ''™®** 
to  flourifli  in  the  dry  fands  of  Pruflia.     Cit.  Thicboull  of  the 
academy  oi  Berlin,  has  communicated  tills  intereAing  ia&  to 
me  in  the  following  note. 

The  late  Mr.  Sulzer  author  of  the  general  didionarj  of  the  Nmuire  of  ■ 
fine  arts,  obtained  from  Frederic  the  Great  a  portion  ol"  ^^1^^  l^J,''J'%t. 
groutid  of  confiderablc  extent  on  tlie  banks  of  the  Spree,  half  Suiiu, 
a  league  from  Berlin,  in  a  place  called  the  Moabite.^.     How- 
ever ungrateful  this  foil  might  appear  m   it  prelentad  only  a 
very  fcanty  and  thin  turf,  upon  a  tine  and  light  fand,  Mr.  Sulzec 
converted  it  into  a  garden  very  agreeable  and  worthy  of  k 
philofopher.     Among  other  remarkable  things,    he  made  » 
plantation  of  foreign  trees  compofed  of  live  long  rows,  in  the 
direflion  from  Eaft  to  Weft,     There  were  not  two  trees  « 
fucecftion    of  [lie  fame  fpecics ;  he  had  placed   in  the  rowa  -  ^^M 

mod  expofed  to  the  North,  none  but  lueh  a^  were  lotliefi  and  ^H 

inoft  capable  of  relifting  the  rigours  of  the  dim:ile.     So  thtf  ^^H 

by  proceeding  from  North  to  Swjth,  the  firll  row  profentc4 
<in\y  trees  of  about  fcveiity  feet  Jn  height,  (he  fecond  (recii 
between  twenty-five  and  thirty  feet  high,  and  fo  infucceffioo 
in  an  amphitheatre,  where  all  the  trees  enjoyed  (he  fun,  at 
lealt  in  a  part,  and  the  weakcfl  were  (hcitered  by  Ihofe  wblcfa 

It  was  in  [he  Ibuthernmoft  row,  thai  [  oblerved  a  kind  of 
bufh  only  two  or  tliree  feet  high,  which  Mr.  Sulzer  called  the 
wax  tree.  All  the  vilitors  took  particular  notice  of  thii  Inn 
in  preference  to  all  other;,  on  account  of  (he  delicious  odour 
of  its  leaves,  which  they  prefcrved  a  very  long  time. 

Citizen  Thieboult  afterwards  fpeaks  of  the  extraction  of  the 
wax.  This  operation  does  not  differ  from  that  related  by  Mr. 
Alexander. 

I  have  feen,  adds  he  afterwards,  a  fingle  candle  of  tills  wax  Remukabit 

perfume  the  three  chambers  which  c-ompofed  the  particularPf''"'"','"'^ 
,,,„,  ,..,..  thesindJMof 

apartment  of  Mr.  Sulzer,  not  only  during  tlie  time  it  wasng,  wu. 

lighted,  but  alfo  for  (he  reft  of  the  evening. 

Without  doubt  the  myrica  cultivated  at  Berlin,  was  more 

odoriferous  than  that  which  grows  with  us,  for  ours  doe>  not 

emit  ihe  fame  perfume.    Mr.  Sulzer  had  the  projefl  of  making 

candles  of  this  wax,  not  bleached,  but  covered  with  our  wax 

for  the  fake  of  beauty.     The  heirs  of  the  academi;,ian  have 
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fold  the  garden,  but  the  wax  tree  flill  remainei!.  Il  wa<r 
planted  in  ITTO.  Since  the  pofSbility  of  naluraliising  tlic 
mi/rica  ari/crii  has  becii  afcertained  in  the  notih,  why  (liould 
we  neglefl  a  vegetable  ol  ftich  value  aad  impurtanee  which 
could  not  fail  to  prorper  in  our  foutlicrn  departnienls,  and  de> 
maods  much  \c(s  cure  Ihao  out  bec-luvea.  The  fuccor^ful  ex- 
periments alresd;.  made  ought  to  excite  the  zi:al  of  our  cullU 

aiul  The  government  has  alieadj  encouraged  t!iis  branch  of  in- 

'"'  duUry,  by  ordeiing  plantation?  to  be  made.     There  exills  at 

Orleans  and  at  Raaibouiilei,  two  oichards  of  the  was  tree 
which  contain  mure  than  louf  hundred  (lifubs.  We  cannot 
give  too  much  publicity  to  fuch  fatislaflory  refults.  Noliiing 
is  propagated  with  lb  nauch  llownefs  as  ufeful  plants.  A 
baircn  but  pi^iurefque  tree,  or  an  agreeable  Howet  are  foon 
adopted  by  llic  ialiiioii.  They  ornament  the  gardens  of  out 
modern  Lucullufes,  and  llie  toilets  of  our  PhryncE,  while  our 
indefatigable  agricultu rills  make  vain  egurts  to  enrich  out 
gardens  with  a  new  gramiiicous  plani,  or  to  fill  uur  barns  with 
nouridiing  cereal  plants.  The  people  has  long  rejcded  from 
prejudice  both  maize  and  the  pi>l|toc  which  have  been  fo 
highly  fcrviceable  to  the  poor  and  lu  uur  foldicry.  We  no 
louger  find  in  our  forelh  the  food  bciring  uak,  upon  which  our 
anceltori  fubfillcd.  Let  us  hope  that  our  cukivatorv  will  ax 
lafl  open  their  eyes  upon  llieir  true  inierefts,  and  thai  Icfs 
enllavcd  by  old  pra£licej  they  will  not  dcfpife  Hie  prefentt 
which  learned  focieties  arc  deitrou>  ot'  making  for  their  profit, 
and  the  reputation  and  profperity  ol  llieir  country. 
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Outline  ty'  the  Cramognoniic  S_^m  qf  Dr.  Gall  *,  Ph\/fician  lU 
Ttcnxo.     £;/  Dr.  Bojahki  f. 

A  HE  rfefire  of  finding  in  the  eslcmal  Aruflure  of  man,  Varioui  (jUtiat 
certain  indications  of  his  internal  faculties  iiis  paffions,  his'^P'''''"'*'"")'' 
moral  difpolilion,  &c,  has  in  the  mod  remote  as  well  a  in 
modern  times,  engaged  philofophi-TS  (o  eflablifti  Cynetnt  of 
phyfiognomy,  which  have  been  more  or  lefs  faliifaflory. 

The  mod  generally  known  are  thofc  of  Porta.  La^'ater,  the  of  Pokj,  of  U- 
Iheory  of  the  facial  angle,  and  laftly  the  fyfiem  of  Gall.         hc\li'"'\'^'^' 

With  regard  to  the  firft,  who  has  bu^ed  himfelt  in  com-  s„n,„  ^  PanM, 
paring  the  outlines  of  the  figure  of  man,  with  ihal  of  brutes,  hilly  imj  inic- 
obfervers  have  decided  on  its  value,  and  confider  his  prin-'"""' 
ciples  as  the  produEl  of  a  wild  imagination  ;  ihey  have  found 
riiem  too  haliy,  very  Utile  eflabliflied  on  rcafonable  obferva- 
tions,  and  ablbtutely  underlain  in  application, 

Lavatef's  fyflem  has  had  more  fuccefs ;  but  though  we  re- Lmteii  fjfttin 
Tere  the  genius  of  (his  man  who  was  rcallj  a  greal  obferver,  fouodoi  on  fcn- 
we  cannot  be  ignorant  of  the  loofg  foundation  on  whidi  allhis(cj,^j_ 
opinions  are  built,  and  the  mind  is  unfntisfied  with  truths  which 
can  only  be  appreciated  by  an  imagination  as  exalted,  and 
feelings  as  deliiale  as  thofe  of  the  author. 

The  theory  of  the  facial  angle  which  compfchcnd^  a  morcThfory  of  the 
ample  field  than  thefyl^em  of  Lavaler,  leaves  us  in  unccrlainty  fiwi*' "gtenu*! 
as   to  tlie  detail  of  laiulties,  and  gives  us  only  general  points  (    *'   • 

of  view.  But  it  prefenls  (his  mott  important  truth,  that  the 
facial  angle  increales  tn  magnitude  is  equal  proportion  wilh 
the  faculties  of  animals,  and  in  this  point  it  evidently  agrees 
wilh  the  general  refults  of  Gall's  fyftem. 

Without  entering  into  a  fcrupulous  detail  of  the  laborious  Syfttm  of  Call 

courie  which  this  learned  philofopher  has  followed,  in  order '".'»'";""'>»»' 

■  pnocipiet. 

*  Tbii  biaorical  exporilian  which  docs  not  in  the  leaft  tend  to 
piove  the  truths  of  Gall's  fyllem,  (hould  not  inHuencc  any  onc'i 
judgmrnt  conccnnng  it,  ii  it  will  be  confirmed  by  ill  author  witli 
folid  reifontng  and  convincing  praofi. 

ll  i»  likewije  iieceffary  to  remark,  that  the  Tentences  marked  with 
inverted  commas  do  not  reft  on  the  authority  of  Gall. 

t  Infcrlcd  by  him  in  the  Encyclopedic  Mcthodiquc,  of  th«  Irarncd 
Ui/lif. 
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to  efiablifc  cerlain  bafcj  for  a  fci*n«  hilherto  fo  hypolhrtical, 
I  diall  cnnlent  ioy{e\{  with  a  (hort  CKamination  of  ils  funda- 
iDcntal  principles,  which  are, 

Ifl.   T'tc  Brain  ii  the  irtaltrial  Organ  tftke  fitleraat  Faeultie*. 
The  bran  ii  ilic     Wilhout  endeavouring  to  detjide  upon  the   metaph|lical 
ficaWei,  qucftions  refpefling   the  nature  of  the  foul,  or  of  that  which 

may  be  fuppufed  the  occult  caufe  of  the  internal  faculliuit,  we 
arc  ncverlhelefj  compelled  to  admit  a  material  organ  for  their 
adion. 
Pimfi.  Now  when  we  remark  that  thefe  faculties  are  found  only 

wheie  the  brain  exifts,  that  Ihey  are  loll  with  it ;  that  the  dif- 
orders  and  injuries  (uAaincd  by  this  organ,  very  fenfibly  in- 
fluence tlieir  degree  and  ihcir  aciion ;  that  the  volume  of  the 
brain  increafci  in  dircfl  pruportimi  with  the  faculiiet  of  ani- 
jnaU,  8ic,  when  we  otfercc  all  this  I  fay,  there  is  nothing  of 
coikje^ture  in  fuppofiiig  the  brain  to  be  tlieir  material  and  in^' 
ierme«liate  oigaii. 

Note.  It  might  here  be  objefled  that  in  many  cafes  indivi. 
duals  have  IoH  a  confiderable  portion  of  the  fubfiance  of  the 
brain,  wilhout  their  faculties  having  been  fenlibly  diminilbed; 
but  it  muft  be  obferved,  that  in  general  the  organs  of  the  brsio 
are  doubk,  and  tliat  the  cafes  are  far  from  being  accurately 
dated  or  eilabliaied. 

Tbebtilnton.   2d,    The  Brain  conlattt  dijirent  Orgnra  independent  *  iif  each 
fifti  of  indepcn.  another,  for  the  diprint  FaaiUin. 

4tai  oitini. 

The  internal  faculties  do  not  always  exift  in  equal  propor. 
,tions  with  refpefl  to  each  other;  there  are  men  who  have 
much  intelligence  without  much  memory,  courage  without 
circumfpeflion,  and  metaphyfjcal  genius  without  being  pro- 
found obfcrvcrs. 
^iMft.    The         Again  the  phenomena  of  dream;,  of  fomnambulifni,  of  mad- 
'"""!*''"'*' nefs,  &c.  prove  that   the  internal  faculties  do  not  always  aft 
dentljof  Mch     together,  that  forae  are  often  extremely  afiive,  while  others 
other,  tc         are  at  the  fame  lime  totally  infenfible. 

*  This  notion  of  ijidfpendenM  does  not  deftray  the  principle  of 
•nimnl  organi'Dlion,  ihnt  all  the  pans  have  a  mutual  relaitoni  it 
only  Indicitet  thni  the  aftion  of  one  organ  does  not  abfoluttly  caufi 
Dm  famt  degm  ia  Mother.    B. 

Tim. 
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Thai  ill  old  age,  and  fomctinies  in  difeares,  madncfs  for  ex- 
ample, many  fMrulties  are  lofl  wliilll  olhert  fubGA  i  and  con- 
Aant  employment  of  ihc  fame  faculty  fenlibly  diniinilUes  it> 
energy  ;  if  we  paf»  to  another  we  find  it  lias  all  the  Ibrce  of 
which  it  is  fuft-eptible,  and  when  we  again  employ  the  firll  fa- 
culty, we  find  it  has  recovered  its  original  vigour.  Thus  it  is 
that  when  fatigued  with  an  abllrafl  and  philofophica!  reading, 
we  turn  with  pleafure  to  poetry,  and  then  afterwards  apply 
again  with  equal  adention  lo  our  former  employ. 

Tiiefe  phenomena  prove  Ihat  llie  faculties  are  feparated  and 
independent  of  one  another,  and  wc  are  induced  to  believe 
ihal  the  fame  is  the  cafe  with  their  material  organs. 

A'aie.  "  We  do  not  entirely  adopt  this  notion  of  Gall,  butTh«t>]o|ied 
on  the  contrary,  wc  believe  that  the  fcparalion  of  the  material'^'' 
organs  mull  be  confidered  as  ihc  caufe  of  the  didindion  of  the 
internal  faculties;  at  leall  it  feeras  lo  us,  that  by  fuppofing 
Ihem  originally  feparated,  we  canuot  avoid  the  fnare  of  the 
nialcrialirm  which  exifts  as  foon  at  we  cc:ife  to  confider  the 
fpirit  (I'efprit)  as  unity." 

3d,  TSi;  Drretopemenl  (if  the  Organs  eoniamed  in  ike  Cj-flnium.Tht  org»ru  af. 
M  V,  dirta  Proportion  vdth  (A<r  Farce  (>ftkeir  ""''^>'«'''Bl!lo^Te«'bped 
FaCuUift.  theftronge/the 

Thii  principle  dictated  by  analogy,  depends  on  the  axiom  iriculticj, 
that  through  all  nature  the  faculties  are  found  to  be  ever  in 
proporllun  to  their  relative  organs,  and  its  truth  is  eminently 
proved  by  the  pariimlar  obfervations  of  Gall. 

It  muft  however  be  obfervcd,  lliat  exercife  has  a  confider-*"^  *'  mort 
able  influence  on  the  force  of  the  faculties,  and  iliat  an  organ  "™"""  °> 
but  moderately  developed,  but  which  is  oflen  exercifed,  may 
afTurd  a  fuperior  faculty  lo  lhal  which  accompanies  an  organ 
of  great  magnitude,  but  is  never  put  in  aflion.  Thus  we  fee 
men  whofo  Ilruflure  ii  but  moderately  ftrong,  acquire  by  con- 
tinual excrcifc  powers  fuperior  to  others  whofe  flru€ture  is 
aim  oft  athletic, 

Note.     1  niuft  here  anticipate  an  opinion  which  feems  10*^  ■"»»  V*'" 
refult  immediately  from  lliis  principle,  but  which  is  neverthe-„„f-_  ^f  fuu], 
lefb  falfc,  that  the  volume  of  the  brain  is  in  direfl  proportion  i'«  ""''ft  the 
to  the  energy  of  its  faculties.     Obfervation  has  'lemonflrated^^^^'j^^jlg^''^^ 
lo  Gall,  that  the  power  of  the  faculties  can  only  be  appre- 
ciated by  the  developenicnt  of  th«  organs  feparatcly,  which 
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form  diflin£t  eminences  on  tlie  cranium,  and  Uiat  a  cranluu) 
perfectly  round,  whatever  may  be  its  magnitude,  never  cxhibiu 
(acuities  eilhcr  great  or  rumerou". 
ijcSaic  u  to     I  do  not  recoljefl  that  I  ever  heard  Gall  give  his  reafons  for 
'*»'»•         the  conclufion :  "  but  I  think  we  may  confider  thefe  heaids  in 
a  flate  (imilar  to  thai  of  obefity,  and  as  we  do  not  judge  of  the 
raufcular  ftrength  of  a  man  or  animal  by  Ihe  volume  of  its 
members,  but  by  [licir  Radicular  developement,  fo  I  think  we 
mufi  judge  of  the  force  of  the  faculties  by  the  developement 
of  their  refpeflive  organs." 
Tbcuicrnil  Laftly,  the  fourth  principle  which  is  the  moll  important  in 

|i(u«ofth(  the  praflice  of  tbe  fyftem  of  Gall.  Is:  JTiat  w  niay  Judge  ^ 
tix  oigim  sod  '*^'  t'?^™'  or^aiH  and  their  facullia  4y  tht  eiteriorform  tftke 
Btcwt  the  powtr  cranium. 

teuufe"  e  form  '^'"^  itath  of  this  principle  is  founded  on  another  ;  namely, 
ef  the  umiiuin  that  (he  formation  of  ilie  cranium  de)iend6  on  that  of  the  brain, 
!''["'"'' °?  '*'"  a  truth  generally  known  and  proved  by  the  unteriurlty  of  the 
brain,  and  by  the  iinprelllons  or  indentations  witliiii  the  cra- 
nium. 
1L«Biitk.  /foU.     It  is  true  that  there  arc  cianlums  in  which  there  is 

an  internal  protuberance  of  the  bone  correfponding  with  Ihe 
external  projeflion  ;  and  this  irregularity,  which  is  fometipies 
found  to  be  a  difordcr,  moA  commonly  in  an  advanced  age, 
when  the  organs  of  the  brain  do  not  fo  powerfully  refill  the 
cranium,  throws  a  degree  of  uncertainly  in  the  praflice  of  the 
fyDcm  of  Gall ;  but  tJ'is  is  Ihe  fate  of  all  our  tiuths  which  are 
diflaied  by  e^*perience  :  thefe  cafes,  however,  are  not  very 
frequent. 
On  ihtfc  princi-     Guided  by  thefe  principles  Gall  has  examined  nature ;  he 
pie$  G»ll  h«      jjgj  compared  the  cranlums  of  men  and  animals,  and  (hofe  of 
wijiM'of  men    men  of  fimilar  and  of  diflerent  faculties.     His  refearches  have 
•adtnimali.       almol)  incontelUbly  proved,  not  only  the  truths  above  Hated, 
but  that  the  faculties  of  animals  are  fimilar  to  ihofe  of  man  ; 
that  what  we  call  inHinEt  in  animals  is  alfo  found  in  man ;  for 
example,  love,  cunning,  circumfpefllon,  courage,  &c.    (hat 
■  the  quantity  of  organs  is  the  (landard  which  hxes  (he  generic  dif. 

ference  of  animals ;  their  mutual  proportion,  that  of  the  indi- 
viduals ;  that  the  difpi>rilIon  to  any  faculty  which  is  Miginally  . 
given  by  nature,  may  be  developed  by  exerclfe  and  favourable 
fircum (lances,  and  fometimes  by  difofders ;  but  that  it  caii 
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never  be  creawd  tf  not  given  by  nature';  that  the  acnimula- 
tion  of  organi  is  conftantly  made  from  hack  to  front,  and  from 
below  upwards,  fo  that  animals  in  proportion  as  they  refemble 
man  in  the  quantity  of  their  faculties,  have  ihe  fuperior  and 
anterior  part  uf  the  cranium  more  developed;  and  laAly  in 
man,  the  nioft  perfefi  of  animals,  there  arc  organs  in  the  fu- 
perior and  anterior  parts  of  the  frontal  &nd  parietal  bonei  al- 
ligned  to  faculties  which  excIuGvely  belong  to  him.  "  In  this 
lad  point  of  view  il  is  that  the  difcoviiries  of  Gall  perfeflly 
coincide  with  the  theory  of  the  facial  angle,  which  appears  to 
confirm  their  truth," 

It  is  difficult  to  give  an  accurate  and  falisfaQory  account  of  p***'' of  the 
the  detail  of  this  fyftem,  and  of  the  various  organs  which  Dr.  ''"""" 
Gall  has  difcovered,  without  Aating  the  variety  of  fa£ts  and 
pxaraplea  which  he  exhibits  as  evidence  to  prove  whpt  he  ad- 
vances i  I  will  however  undertaJie  this  enumeration,  being 
perfumed  fJiat  it  will  in  many  refpe^ts  Ihew  the  author's  maii- 
uerof  reafoning,  and  give  a  clear  notion  of  the  manner  of 
proceeding  required  to  obtain  his  refults  f .  ^^^1 

1.  TJitOiganiffTeiiacUyqfL^e.  ^^^M 

The  6rll  organ  which  the  author  thinks  he  has  difcovered  Orpn** 
is  that  of  the  tenacity  of  life,  tcnaatai  vita;  he  fuppofes  the  j-^f^^         " 
jneduUa  oblongata  to  be  its   feat ;  and  as  the  circumference  of 
ihe  great  aperture  of  the  occiput  is  in  direft  proportion  to  the  ' 

extent  of  the  mcdallii  oblongata,  he  judges  of  the  intenlily  of  ' 

the  life  of  an  animal  by  the  magnitude  otihis  perforation. 

The  obfervatioiis  which  fupport  this  opinion  are,  that  the 
perforation  is  generally  larger  in,  the  cranium  of  women  than 
men ;  that  it  is  conftantly  of  greater  extent  in  the  cat,  the 
otter,  the  beaver,  the  badger,  &c.  animals  which  are  known 
lobe  extremely  tenacious  of  life.  And  Uie  mod  fpeedy  me- 
thod of  killing  an  animal  is  to  divide  the  fpinal  marrow. 

2.   Organ  of  Jajliaa  for filf-prcfervation. 
Forwarder  than  the  mtduiia  oblongata  at  the  place  where  il  *■  Sdf.pMf^ 
tjulls  the  brain,  the  author  fuppofes  the  organ  qflore  qflifie,  or  "'"'"■ 
in^inajiirfeif.prr/erviition  to  exift. 

*  It  i;  nrcelTary  that  the  germ  of  any  organ  Ihould  fuhtift  in  tl 
mlnyo,  in  order  to  its  fubfequcnt  developement  as  an  organ* 
•f  Compare  ihe  correfponding  numbtrs  with  thorc  of  Plate  X. 
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As  animali  do  not  aiford  «xanipIeG  of  fuiddej  hecouldoi 
obtain  proofs  of  this  fuppofilion  in  the  human  race,  and  fe» 
nl  cafes  of  voluntary  fuicide  in  which  this  part  of  the  brain 
was  difordered,  liave  induced  him  to  confider  it  as  the  org&n 
of  this  faculty;  he  do«s  not  however  admit  it  as  indifputably 
cfiabliAied,  but  wails  for  further  examples  to  confirm  the  faS. 

3.   Organnf  the  choice  i>f  Food. 
The  author  fuppofes  the  organs  for  the  choice  of  food  to  be 
"»•■  placed  in  the  (juadrijumal  tubercles,  the  anterior  of  which 

are  greater  in  carnivorous  animals,    the  pofletiot  developed 
in  the  herbivoran,  but  ate  of  equa)  lize  in 

^■t.  Ctrebral  Organ  of  tht  fxlemal  Sc»Jii> 
Irttrnil  The  middle  part  of  the  bafe  of  the  brain  is  appropriate*'  __ 

the  eitcrnal  fenfes.     Il  is  the  region  from  which  ihofe  nerrts 
ifflie  which  are  diJlributed  nilo  the  organs  of  thofe  fenfes. 
(To  be  continued.J 
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Account  of  the  VentriUnjuifm  extubilfd  by  M.  Fiiz-Jahk. 

X  HE  reader  will  doubtlefs  recoiled  fome  curious  fafts  and 
obfervations  on  ventriloquifm  by  Mr.  Gough  in  our  fecond 
volume,  page  125.  That  acule  philofopher,  reafoning  from 
a  few  fads  and  ftating  tlio  want  of  more,  appears  inclined  to 
adopt  the  theory  that  the  art  of  ventriloquifm  confi  As  incauting 
the  voice  to  ilTue  from  the  mouth  only,  and  uttering  it  in  fuch 
a  diredion,  that  the  hearer  may  receive  the  impreffion  of 
.  fome  echo  with  confiderably  more  force  than  he  receivei  the 
original  found.  He  gives  inilances  of  this  procefs,  particu- 
larly where  the  found  of  a  ring  of  bells  appears  to  change  its 
diredion  accordingly,  as  the  hearer  by  moving  along,  re- 
ceives it  from  dHlisrent  receding  furiaces,  while  the  original 
found  is  interruptad  by  fome  obflacle.  Whether  the  echo*  in 
a  room  be  at  all  likely  to  be  fo  managed  would  admit  of  con- 
fiderable  doubt ;  and  without  having  witneffed  any  exhibition 
of  this  kind  in  the  leall  lo  be  compared  with  the  furprizing 
narratives  we  occafionally  hear,  I  have  always  been  ilrongly 
difpofed 


acieMTiric  Ktwi. 
dirpofed  (o  think  that  the  deluGan«  with  regard  to  the  fup- Actountoi 
pofed  dircflioii  of  the  voice  in  fuch  cafes  aic  not  phyCcal  but  i^'>>''«>- 
moral ;  thai  h  to  fay,  they  have  aiifen  from  foDiething  in  the 
nature  of  the  fubjeO,  or  the  pofilion  and  aAion  of  the  fpeaker, 
with  the  charafter,  tone,  and  manner  of  fpeaking.  On  the 
prefent  occafion  I  have  the  fatisfa£lioD  to  give  fome  account  of 
the  performance  of  M.  Filz.  James,  one  of  liie  firft  mailers  of 
this  art;  ivbo  in  addition  to  his  very  llriking  powers  as  a 
fpeaker  and  aflor  has  [lie  candour  and  liberality  lo  explain  the 
nature  of  his  performance  to  his  auditors.  1  was  prefent  a 
few  evenings  ago  at  a  public  exhibition,  which  continues  to 
be  repeated  at  Dulau's  in  Soho-fquare ;  and  though  my  ac 
count  of  what  I  faw  and  heard  cannot  but  be  very  impe(fi;£l, 
and  far  from  exciting  the  furprizc  whicii  the  aftual  perform- 
ance produces,  it  may  neverthelefs  be  of  utility  to  eflabliOi  a 
few  principles,  and  remove  fome  errors refpeftjng  (his  arL 

After  a  comic  piece  had  been  read  by  Monf,  Volange,  M. 
Filz-raniei,  who  was  lilting  among  the  audience,  went  for- 
ward'^and  Gxpreffed  his  iufpicion,  that  the  venlriloquifm  was 
to  be  performed  by  the  voices  of  perfoni  concealed  under  a 
platform  which  was  covered  with  green  cloth.  Replies  were 
given  to  bii  obfervationi  apparently  from  beneath  that  Rage  j 
and  he  followed  the  voices  with  the  aftion  and  manner  of  a 
perfon  whofe  curiofily  was  mucli  excited,  making  remarks  in 
his  own  voice,  and  anfwcriLig  rapidly  and  immediately  in  a 
voice  which  no  one  would  have  afcribed  to  him.  He  ibcn 
BddrclTed  a  butt  which  appeared  to  anfwer  his  queftions  in 
charafler,  and  after  converiing  with  another  buft  in  (he  fame 
manner,  he  turned  round,  and  in  a  neat  and  perfpicuous 
fpeech  explained  the  nature  of  the  fubje€t  of  our  allention: 
and  from  what  he  flated  and  exiiibiied  before  us,  it  appeared 
that  by  long  praflice  he  bad  acquired  the  faculty  of  fpeaking 
during  the  infpiralion  of  the  breath  with  nearly  the  fame  arti- 
culation, though  not  fo  loud  nor  fo  varioufly  modulated  as  the 
ordinary  voice  formed  by  expiration  of  the  air.  The  unufiul 
voice  being  formed  in  the  cavity  of  the  lungs  is  very  different 
in  eSeft  from  the  other.  Perhaps  it  may  ilTue  in  a  great  ine»- 
fure  through  the  trunk  of  the  individual.  We  ftiould  Icarcely 
be  difpofed  lo  afcribe  any  definite  direAion  lo  it;  and  con{i>> 
quently  are  readily  led  to  fuppofe  it  to  come  from  the  place 
belt  adapted  lo  what  was  faid.     So  that  when  he  ivent  to  the 
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door  and  •  alTted  "  Are  yon  there,"  to  ii  petfon  TiipporL-rl  ta 
be  in  the  patfage,  the  anfwer  in  the  unufuarWce  was  immp- 
diatcly  afcribed  by  the  audience  to  a  perforf  aflually  in  the 
palTage  ;  and  upon  Ojulting  the  door  and  withdrawing  fcom  it, 
when  he  liirtied  round,  directing  his  voice  to  the  door  and 
faid,  "  Slay  (here  till  I  call  you,"  the  anfwcr  which  wai 
lower,  and  well  adapted  to  the  Tuppofed  diftartce  and  obDa- 
cle  interpofed,  appeared  ftill  more  (Irikingly  to  be  out  ofthc 
room.  He  then  looked  up  to  tlie  cieling  and  called  out  in  his 
own  voice,  *'  Wliat  are  yon  doing  above  f  do  you  intend  to 
come  down?"  to  which  an  immediate  anfwer  was  given, 
which  Teemed  lo  bo  in  the  room  alx>ve,  "  I  am  toming  down 
dlreflly."  The  Tame  deception  was  prafiil'ed  on  the  fuppofi- 
tion  dr  a  petfon  being  under  the  floor,  who  anfwered 
wiiufual  b'ut  a  very  different  voice  from  the  other,  that  he  was. 
down  in  the  cellar  pulling  away  fome  wine.  An  excelh 
deception  of  the  watchman  crying  the  hour  in  the  Dreelj 
approaching  nearer  ihe  houfe  lilt  he  came  oppofue  the 
dow  wan  pradired.  Our  attention  was  dii«ite4  to  the  Jireet 
by.  the  marked  attention  which  Fitz-Jamen  hinrTcIf  appeared 
in  pay  lo  the  found.  He  threw  up  (he  faHi  and  alked  the 
hour,  which  was  immediately  anfwered  in  the  fame  lOTie, 
clearer  and  louder ;  bnt  upon  his  (hutting  the  window  di 
again  the  watchman  proceeded  lefs  audibly,  and  all  at  oi 
the  voice  became  very  faint,  and  Fitz-James  in  his  na 
roice  faid,  "  he  has  turned  the  comer."  In  all  thel'e  in- 
(iaiice<,  as  well  at  oiherj,  which  were  exhibited  to  the  very 
great  entertainment  and  furprize  of  the  fpeflalori,  the  acute 
obferver  will  perceire  that  the  direflion  of  the  found  was  ima- 
ginary, and  arofe  entirely  from  Ihe  well  iludied  and  (kilful 
combinations  of  the  performer.  Other  fcencs  which  were  to 
t'ollow  required  (he  imagination  (o  be  too  completdy  mitled  lo 
admit  of  the  aflor  bemg  feen.  He  went  behind  a  folding 
fcreen  in  one  corner  of  the  room,  when  he  counterfeited  the 
Inocking  at  a  door.  One  perfon  called  from  within,  and  was 
anfwered  by  a  different  perfon  from  without,  who  was  ad- 
milled,  and  we  tbund  from  Ihe  converfation  of  ihe  parties, 
tliat  Ihe  latter  was  in  pain,  and  defiroui  of  ha\'ing  a  tooth 
e\trafied.  The  dialogue,  a.nd  all  the  particulars  of  the  ope* 
ration  that  followed,  would  require  a  long  difcourfe  if  I  were 
(o  altempt  to  dcfcribc  them  to  the  reader.     The  jmitaliott' 
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Die  natural  and  modulated  voice  of  the  operator  Mcouraging,  Acomntof  nea^ 
(iMtbing,  and  lai king  with  his  patient  i  tlie  canfuGon,  tenor, 
and  apprehenfion  of  the  fuffercr ;  tlie  inarticulate  noifcs  pro- 
duced by  the  chair*  and  apparatus,  upon  the  wliole,  conftiiuled 
a  mals  of  found  which  produced  a  Orange  but  comic  efTe^l. 
Loofe  obfervers  would  nut  have  hcfiialed  to  aflerl,  that  thc^ 
heard  more  than  one  voice  at  a  time ;  and  though  Ihlt  cet- 
lalnly  could  not  be  the  cafe,  and  it  did  not  appear  fo  tome, 
^et  Ihi;  tranfilions  were  fo  inftsnlaneoua  without  the  lead  paufe 
between  ihera,  that  the  notion  migiii  very  eaGly  be  gene- 
rated. The  removal  of  the  fcreen  Jjlisfied  the  fpeaaiors  that 
one  performer  had  etfe^ed  the  whu}<;. 

The  a£)or  then  proceeded  la  fliew  us  fpeciinens  of  his  art 
fts  a  mimic ;  and  here  the  power  he  had  acquired  over  ilii; 
murcles  of  his  lace  was  fully  as  Arange  as  the  modulations  of 
hit  voice.  In  feveral  inltances  he  caufed  the  oppofite  mufde* 
to  a&  difTerently  from  each  oilier  ;  lb  that  while  one  tide  of 
his  face  exprelfed  mirth  and  lauglttur,  the  other  fide  appeared 
to  be  weeping.  About  eight  or  ten  faces  were  (liewn  to  ui 
in  fuccelfion  a«  he  came   from  beliiiid  the  fcreen,  which  Uige. 

iher  with  the  general  habits  &tid  gait  of  the  individual  totally 
altered  him.  In  one  inflance  he  was  (all,  thin,  and  melan- 
cholic ;  and  the  inftant  afterwards,  with  no  greater  interval 
of  time  than  to  pafs  round  behind  the  fcrec-n,  he  appeared 
bloated  witli  obcfity,  and  ftaggeniig  vrilh  fulnefs.  The  fame 
man  atone  time  exhibited  his  face  Gmple,  unaffected,  and 
void  of  chara^er,  and  the  next  moment  it  was  covered  with 
wrinkles  exprelTing  flynefs,  mirth,  and  whim  ot  different  de- 
furiplions.  How  far  this  difeiplinc  may  be  eafy  or  difficuit, 
1  know  not,  but  he  certainly  appeared  to  me  to  be  lar  fuperior 
to  the  mod  praAifed  mailers  of  (tio  countenance  I  have  evor 
f^en. 

During  this  exhibition  he  imitated  llie  found  of  an  Wffut ; 
the  ringing  of  a  bell,  the  noifes  produced  by  tlie  great  hy- 
draulic machine  of  Marli,  and  the  opening  and  Ihutting  of  a 
fnufi'  box, 

ilis  principal  performance,  however,  confifled  in  the  de- 
bates at  the  meeting  of  Nauttrre,  in  which  there  were 
twenty  dilTetent  fpeakers,  as  is  allcrted  m  his  advertilerocnl ; 
and  certainly  the  number  of  dlHerert  voices  was  very  great. 
Much  entertainment  was  afforded  by  the  fiibjefl,  which  wai 
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n  France ; 
when  l!ie  lowefl,  the  moll  ignorant  pari  of  fociety,  was  called 
upon  to  decide  the  fale  of  a  whole  people  by  ihe  energies  of 
folly  and  brulc  violence.  The  fame  remark  may  be  applied 
lo  this  debate,  as  to  the  other  fcene  refitefling  tooth-drawing ; 
namely,  that  the  quicit  and  fudden  Iranfitions,  and  the  groat 
differences  in  the  voices  gave  the  audience  \-arious  notion), 
as  well  witli  regard  to  the  niiniber  of  fpeakers,  at  to  tbeir  po- 
fitions  and  the  direftlon  of  Iheir  voirej. 

This  account  of  a  very  celebrated  vcntriloiiuift  may  perhaps 
feem  too  minute  and  pisrlicnlar  tor  a  phitofophicgl  Journal, 
which  is  lefs  devoted  lo  do  juftice  to  the  talents  of  men,  than 
to  inveOigate  the  caufes  of  things.  But  where  a  ftriking  de- 
iufion  may  lead  lo  niit1ali<!'n  theories  of  found,  I  conceive  it  to 
be  no  fmall  part  of  tiie  argument,  which  is  to  fel  the  truth  la 
a  clear  light,  to  fliew  how  numerous  and  extraordinary  the 
acquifitions  and  the  ability  of  the  performer  may  be.  There 
is  likewife  a  point  of  delicacy  arillng  from  the  fufpicion  of 
improper  motives,  when  a  public  performer  is  fpoken  <rf  in 
terms  of  approval  bj  a  periodica!  writer.  On  this  bead,  how- 
ever, I  feel  fo  Illtle  difliMilty,  that  I  am  almoft  in  doubt  whe- 
(her  I  fhould  obliterate  the  lal)  obfervaiion,  or  fufier  it  topaf% 

Afcrnt  ^  Mont  Jilanc  and  Mont  Perdu. 
AfteaiorMMt       ^*  Fornerct  of  Laufannc,  and  the  Baron  de  Dortheren, 
jtbj  M.       have  undertaken  a  new  escurlion  to  the  fumraitof  Mont  Blanc. 
jS^.m"'       ^^^^  ^""'  ^^i'^  travel,  idey  arrived  at  the  Aimmit.  where  the 
wind  was  fo  turbulent  that  ihey  were  forced  to  fit  together 
with  their  guides  in  a  mafs  lo  prevent  (heir  being  precipitated. 
The  cold  was  fit  degrees  below  congelation,  and  with  the 
rarity  of  the  air  aflefled  their  lungs  in  fo  painful  a  manner,  that 
they  declare  that  no  inducement   (liould  prevail  on  them  to 
repeat  this  eKpedition,       The  enterprise  was  without  taiy 
beneficial  confequence  to  the  fcience^.     BibUotkafnt  de  Somni. 
■»offnn.        It  was  in  the  year  17^7,  that  the  celebrated  De  SauHiire, 
arrived  at  the  fummit  of  Mont  Blanc;  and  his  voyage  was 
conlidered  as  a  real  conqucll  for  the  naliiial  fciences.  Sonini 
It  Perdu   has  learned  by  a  private  letter,  that  the  indefatigable  Ramond, 
""''■       well  known  from  his  refearches  in  natural  hifiury,  has  at  laft 
niched  the  fummit  of  Mont  Perdu,  the  giant  of  the  Pyr^ 
nean% 


SClEKTIl'IC    »)EWS. 

neana  as  Mont  Blanc  is  Ihatof  the  Alps,  This  mouiiUin  co- 
vered with  glaciers  and  eternal  tnows,  which  is  elevated 
more  than  eighteen  hundred  toife«  above  the  level  of  the  fca  j 
and  rires  higher  than  all  the  granitic  Pkt  except  Mont  Blue, 
maSi  neverthelefs  be  ranked  amung  Cernar)'  mountains,  finccit 
contains  the  remains  of  fea  anini»U  and  quadrupedt.  Tfa« 
eRbrls  of  Ratnond  Co  reach  the  fummit  have  till  now  been  cod- 
ftantly  unruccefsrul,  and  he  h  the  only  one  whohasyet  accwn- 
plilhed  il.  It  prerents  on  all  fides  threatening  projefiiona  and 
flecp  precipices.  This  time,  inflciid  of  dircfling  his  coarf* 
from  north  lo  fouth  by  afcending  the  mountain  on  the  Frcnck 
tide,  he  travelled  from  fouth  to  north  by  the  Hope  which  it 
direded  towards  Spain.  He  will  foon  publifli  tha  interelting 
recital  of  his  afcenlion. 

Expcrimtnt  oh  Sound. 

In  the  Journal  lafi  quoted,  there  is  an  account  or  notice  of  I«w  Soandirud 
an  experiment  performed  in  the  palace  of  the  Tribunal,  which  ^  ^  ^/?"* 
as  there  is  fome  obfcurily  probably  owing  to  the  concifeoefs  of  uncci, 
the  narrative,  I  tranflate  literally. 

Two  ^gares  of  the  (ize  of  life  placed  at  (he  exIrvroSly  of 
a  very  extenlive  apartment,  hear  fpeaking  with  a  very  low 
voice  in  whatever  pofiiion  and  however  didant  ihe  perfons 
who  fpeak  to  them  may  be,  and  they  anfiver  all  queniona  in 
the  moft  fatiifaflory  manner. 

This  curious  experiment  provea  to  philofophers,  that  it  is 
poflible  lo  aflifl  the  organ  of  hearing  in  the  faine  manner  as 
iiiUruments  have  been  contrived  to  aflill  the  fight. 

The  auUior  affirms,  (hat  il  is  poflible  to  tranfmit  intire  dif- 
coorfcs  uttered  in  a  low  voice  to  very  remote  dillanccs,  with- 
out any  indication  of  the  place  of  Ihe  fpeaker. 

Evaporation  iif  Water  at  an  ciaated  Temperature. 
M.   Leindcnfroll,   in   a   dilTertalion  publiQied  in   1756,   an'  Eipciimeai 
r'  jnced,  that  water  lofes  the  quality  of  evaporating  accord-  «*"pw>iiMi 
iiiglj  as  Ihe  heat  of  the  bodies  upon  which  it  falls,  is  aug- 
mented from  the  point  of  ebullition  to  the  temperature  of  » 
white  heal.     A  drop  ol  water  which  he  let  fall  into  an  iron 
ladle  heated  to  whitenefs,  was  firft  divided  into  federal  fmall 
globules  whicli  afterwards  united  in  one.     Conlideriog  this 
wilh  altenlion,  he  obferved,  that  it  turned  with  great  I'wift- 
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B  iwfi  on  iU  axis,  and  became  fmaller  and  rmaller.  A&et  3*Of 
ii  feconds  it  difappeared  with  noife.  A  fccond  drop  which 
Ibll  JDto  the  fame  ladle  now  fomewhat  cooled,  difappeared  in 
nine  or  len  feconds ;  laffly,  a  Ihird  dilappcared  in  three  <e- 
conds.  When  the  fpherule  of  water  in  the  while  hot  Iwlle 
was  touched  with  a  cold  body,  it  difappeared  la  an  inflant. 

Klaprolh  has  repeated  lliefe  experimentB  in  the  following 
manner.  He  look  a  highly  poIiHied  iron  ladle  which  he  heated 
lo  whitenefs,  and  threw  therein  a  drop  ol'  water,  which  be- 
came divided  inio  feveral  globules  of  difierenl  lizes,  and  foon 
united  into  a  fingle  fphere.  A*  foon  as  this  globule  which 
exhibited  the  phenomena  before  defcribcd,  had  difappeared, 
he  let  fall  a  fecond,  after  which  a  third,  &c.  and  he  obfcrved. 
that  tlie  duration  of  each  was  lefs  the  mote  the  ladle  wa^ 
cooled.  The  following  is  the  refult  of  two  esperimenU.  in 
the  lirft  experiment  the  ititenfity  of  the  heat  being  greater  thaa 
in  the  fecond,  the  degree  at  which  the  watei  moll  fpeedily 
evaporates  happened  later, 

1(1  Experiment.  feconds.     Zd  Expeiiment.  feconds. 

The  fifft  drop  lafled      40         The  firft  drop  laficd    -    -     40 
The  fecoBd   ...    20         Tiic  fecomi     .     •    -    ■     I* 

The  Ihird      -     -     .       6  The  third 2 

The  fourth     -    -     -       +         The  fourth       -      -    .     .       l 
The  fifth  -     -     -    -      2  The  fifth     -     -      -     -    -       0 

The  lixlh      -     -     -      o 

Thefe  experiments  require  lo  be  made  with  mudi  care. 
M.  Klapioth  obferves,  that  lliedighteflcircumltances  produce 
variations  in  the  duration  of  the  drops. 

Seven  drops  having  been  fucceflively  thrown  into  the  ladle 
heated  lo  the  neceffary  degree,  foon  united  into  a  globular 
mafs,  which  began  its  ntovemcnt  by  a  very  rapid  rolatioa. 
This  mafs  afterwards  divided  al  lop,  when  a  fpol  of  white 
froth  was  feen  at  the  upper  part  of  the  baU,  and  its  edges  ap- 
peared indented. 

This  experiment  was  made  with  ten  drops,  and  alTorded  tbt 
fame  refult ;  but  when  a  greater  number  was  employed,  the 
mafs  was  unable  to  prcfervc  its  rotatory  aiotion,  and  the  whole 
of  the  water  difappeared  with  a  hiffing  noife. 

If  inflead  of  the  iron  ladle  or  fpoun,  a  capfule  of  pure  filvet 
or  of  platina  hcslcd  lo  whitenefi  be  ufcd,  (he  appeatanccc  are 
nearly  the  fame,  but  tlicduialionof  tlie balls iscomioonly  longer. 


t  . '        ^^'   '  • » 


.r^*^*- 


■. 


miar,toiat>^  Pht.IF.n.X.p.  tfS. 


i 


y^f  f  t ff fi^fo^ftntr    ,/^^/r^lr^L-j^.,      f/ti//;r'/^yr- 


I 

I 

A 


•k  -  tn-mtmrnm^mtm 


nviriiii 


JOURNAL 

OF 

NATURAL  PHILOSOPHY,  GHEMBTRYi 

tHE     ARTS. 


SB 


APRIL,    1803 


<  ■  I   >■ 


ARTICLE    1. 

Mn^  Afudtffis  qf  a  Variety  qf  the  Corundum:    By  the  Reverend 
Wm.  Gregor.     Caihmunicated  by  the  Author. 

,JL  he  mineral,  which  is  the  fubjed  of  the  following  obrerva-HiAoiy  of  tfa^ 
tioos,  was  preieated  to  me  by  my  valuable  and  ^fpefted  P^"**^*^*^ 
friend  Philip  Ralhlejgh,  efq.  who  was  flr'uck  with  the  pecii-  Thibet* 
liarity  of  its  colour.     Mr.  Ralhleigh  informed  me,  tdat  he  had 
fodnd  its  fpecific  gravity  to  be  $,6  at  the  temperature  60,  and 
my  experiments  gave  the  fame  refult. 

The  country  where  this  flone  was  founds  is  Thit)et:  bot 
in  what  particular  part  of  that  ^xtenfive  region  I  am  not  in- 
formed* 

**  The  cdour  of  this  flone  is  motled :  the  prevailing  tint  is  Cban£ten^ 
a  diluted  lilac.  The  mafs  appears  to  be  a  confufed  cryftaili* 
iation^  the  parts  of  which  are  unequal*  but  moflly  v^ry  mi- 
nute. Th6  larger  grains  refleA  a  luflre  not  inferior  to  that  of 
the  common  adamantine  fpar.  Although  the  adhefion  of  the 
parts  of  the  mafs  is  not  confiderable,  the  parts  thentfelves  have 
a  great  degree  of  induration,  and  from  the  fame  caufe,  proba- 
bly, a  greater  fpeci£c  gravity  than  the  mafs  itfeif/'  vrf^ich  I 
found  to  be  3,603. 

v#u  IV.— afr»i^  r  idi 
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live-      100  grains  of  tliis  (lone,  which  had  been  reduced  to  a  powder 
"j^  in  a  fiecl  morlar,  were  not  affbfled  in  ihe  (lightelt  degree  by 

The  powd^-  was  of  a  lilac  inclining  to  a  pinL-colour.     Ej£- 
pofed  to  a  llrong  it^d  heat  for  half  an  hour,  it  lull  -j-^  of  a 
grain  in  weight.     Its  culour  was  unaltered. — It  was  now 
rubbed  (in  a  dry  fUte}  to  a  fiocr  powder  in  a  mortar  of  Qint. 
Upon  weighing  it  again,  [  found  that  it  had  gained  no  acccf- 
fion  to  its  weight  frntii  the  abralion  of  it. 
}-         It  was  now  put  into  a  Clver -crucible,  and  covered  with  a 
. '    folution  of  potafli  in  *  alLoboI,  mixed  with  an  equal  bulk  of 
jue    diAUIed  water,  and  (he  crucible  was  placed  in  a  fand-bath, 
Y'^  and  the  fluid  (gradually  evaporated  :  and  at  M  it  was  boiled 
■ill     lo  drynefs.     The  Ikit  which  remained  at  ihe  bottom  of  the 
icJ.    crucible,  was  dilfolvcd  in  diftilled  water,  and  iti  folution  poured 
oS  Irom  a  I'pungy  earili,  and  a  portion  of  the  undccompofed 
flone  which  had  fublided.     This  operation  was  repealed  in 
the  (amc  way  with  ftefti  portions  of  poladi,  until  the  whole  of 
the  Aone  was  decompofed,  except  a  fmall  quantity  of  a  fpungy 
earth,  which  wai  thrown  upon  a  liltrc  and  waflied  with  dif- 
lilled  water,  until  what  paffed  through  it  ceafed  lo  caufe  the 
lead  lurbldncfs  in  a  folution  of  nitrat  of  mercury.   The  edulco- 
rating watur  was  added  lu  the  folution  which  had  been  effcfled 
by  potafli. 


Th(  UDdccom- 

The 

powder  A 

hich  re 

mained 

on  the 

nitre 

wa5  dried.     It 

puredieB'lucwu 

wan  of 

a  grey  lib 

while  c 

olour. 

I  pul 

1  into 

a  fmall  malrafs 

by  (ulfhuric 

and  luoiflcncd  it 

with  diftilled  water,  a 

d  then 

dropped  fome 

■  I  hive  rcafon  to  fubfcribc  to  the  opinion  of  Mr.  Chenmx, 
which  he  has  given  us  iu  the  mallerly  and  fcicntilic  p>pei  oa  the 
arlcniau  of  cojjpcr,  with  which  he  has  enriched  theannaUof  raioc- 
ralogy  and  chemical  anaJyUs,  tint  it  is  by  the  meani  of  alkohol  alone, 
thit  potalh  can  be  prepared,  which  is  lit  far  delicate  experimenls. 
I  wai  induced  to  employ  a  fatution  of  potalh  in  allcohol,  bcciufc  if 
h;is  been  I'M,  that  during  the  procefs  for  obtaining  it  !n  a  dry  Hue^ 
it  a£ls  in  ibme  dcgiee  upon  the  lilver  velTeU,  in  which  it*  foludon  ii 
evaporated.  By  evaporating  it  in  antoB  •vjllb  tbtj^ar,  I  thought 
that  this  would  be  Ul's  likely  to  happen. 
•■  ratified 
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reAlfied  fulphuiic  acid  upOD  ili  an-d  placed  the  veHb]  in  a  di- 
geRing  beat.  The  powder  became  at  fiiii  gelatinous.  But 
Ihi!  inconvenience  wa^  gradually  removed,  by  the  furtlier  ad- 
dilion  of  acid.  What  was  ililTolved  lliereby  was  extrofled  by 
diftilled  water. 

The  earth  which  remained,  after  having  been  fufficiently  The  lift  nfidue 
edulcorated,  was  dried  and  expofed  to  the  action  of  polalh  in  Irii"^OT!!a7»ud 
K  filver  crucible  a)  before,  and  what  the  potafi)  dilTolved  wasiti  relidacby 
added  to  the  alkaline  folulion  before  mentioned  (A  i).    What  ^^^''^jl.'ijV^J* 
W31  undilToU'cd  by  it  was  healed  ngain  with  fulphuric  Hcid.wereiddedtothe 
until  it  ceafed  lo  afl  upon  it.     The  foluble  part  was  exfrafted  ^° 
by  diAilted  water.     The  refiduum  nas  thrown  on  atillreand 
walhcd  with  diflilled  water  till  it  ceafed  to  atfed  nitrat  of 
mercury  :    dried  and   heated   red  hot  for  half  an  hour,   it 
weighed  y  gr.   Il  wai  pure  filex. 

The  folution  effefled  by  fulphuric  acid,  was  mixed  with  the  The  fulph.  C>Tn- 
edulcorating  waler  and  decompofed  by  ammonia,     A  while''""  '"'  Pf^'p- 
fpongy  earth  wa5  precipilatod,     Whi;n  the  ammonia  ceafed  if  to„t,injj'no 
to  caufe  any  further  precipitation,  tine  clear  decanted  fluid  was''™'- 
affayed  with  carbonat  of  ammonia  and  carbonat  of  polafh,  but 
no  change  was  produced  on  it  by  the  folution  of  either  of  thofe 
falls.     From  which  circumfiance  the  abfence  of  lime  may  be 
inferred. 

The    precipilale   produced   by   ammonia   was    fufilcienlly  Tht  wtlhd 
waflied  with  diftillfd  waler,  and  in  a  moili  i!a(e,  was  boiled  ""™°"-  pf«'p- 
witii  the  folution  of  potadi  in  a  filver  crucible  as  before.    The  with  pomili ;  U 
alkali  difTolved  a  portion  of  it.     Which  folution,   together  P»"  ^'""'^"^ 
with  Uie  edulcorating  waler,  which  wallied  the  remainder,    * 
was  added  lo  the  alkaline  folulion  before  mentioned,  (Ai). 
What  remained  was  thrown  on  a  flltre,  and  edulcorated  as 
before  :  dried  and  healed  red  hot  for  ten  minutes,  it  weighed 


fou) 


gram; 


!  of  the  colour  of  pounded  refin.  F.xpofcd  to  the  It  left  oiMc  «f 
flume  of  the  blowpipe  or  charcoal  it  was  unaltered.  Moirtened''"^''"' 
wIDi  melted  tallow  and  ignited,  it  was  nol  altraaed  by  the 
magnet.  It  was  taken  up  by  a  globule  ol'  the  pholphat  of 
ammonia  and  foda,  and  fufpcnded  in  it  in  white  flakes.  Ith 
foluble  in  the  three  mineral  acida.  But  the  felulioD,  on  being 
boiled,  becomes  turbid  from  the  («paralion  of  a  large  por- 
tion of  it.  Il  is  precrptlatcd  from  itt  folution  in  acids  by 
?  8  pruljiat 
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pnifliat  *  of  potaDi,  of  a  beauliful  grafi-green,  and  by  tinc- 
ture of  galls  of  a  dark  orange-colour.     It  poirefTed,  inl) 
all  the  properties  of  the  oxide  of  tiUnium. 


The  ilk.  folu-  The  alkaline  folulton  (Aft)  was  faluraled  with  mHiirtie 
ioui'.  acidrmH  ^"'^'  ^  copioii*  precipilalion  loot  place  of  a  white  earth, 
diflblvcdf  pie-  which  was  redifTulved  b^  a  furlliei  addition  of  arid,  TTiecon- 
oi''pi)taa  ■'Ui  "^'"*  °^  ''''*  '•'''"''*"  "'^f^  thrown  down  by  a  folulion  of  car- 
(dukoiitcd.        Ixinat  of  puia(h.     This  prccrpilate  collected  on  a  tiltre,  wai 

wallied  with  dJUilled  water,  till  it  pafTud  through  it  tallelefi. 
Dry  fTttip.  It  was  dried  and  introduced  into  a  malrafs,  and  rectified 

ftilj^^dlh  (u'phuric  acid,  diluliid  with  diflilled  water,  dropped  into  it. 
file».  and  the  fluid  was  evaporated.     Frefli  portions  of  acid  were 

ubdraflcd  from  it,  as  long  ai  it  feemed  to  afl  upon  it.  The 
foluble  part  was  extraflcd  by  diHilled  water,  and  the  reliduam 
was  edulcorated  with  diflilltd  water,  till  it  ceafed  to  produce 
any  change  upon  nilra.1  of  mercury;  dried,  and  healed  red 
hot  lorhalf  an  hour,  ii  weighed  10  graint.  It  was  puce  fi!ex. 
ThJifulph.fgLu-  The  folution  which  the  fulpliuiic  acid  had  eScded,  mixed 
tTp^  "^e"  ''■'^'  ^"^  ""^'  "'''■  "'''■^'^  ^''^  refiduum  had  been  edulcorated, 
«lum.  was  gradually  evaporated,  and  a  fuHicient  quantity  of  acetite 

of  potadt  was  added  to  it.  Regular  cryllals  of  alum  were 
formed  to  thv  l^A.  A  fmall  portion  of  lilex,  amounting  to 
about  ^  a  grain,  was  feparaled. 
The  ilun.  wu  Dlllillcd  Water  was  poured  upon  the  alum,  in  a  quantity 
duaBn^bJ(irb.fufficient  to  dilTolve  il  in  a  warm  (late  j  and  whilft  warm.  tb« 
Tolution  was  decompofed  by  a  folulion  of  caibonat  of  ammo- 
nia. The  (pungy  earth  which  was  feparated,  was  coIle£)od 
on  a  liltre  and  edulcorated  with  diltilled  water,  till  it  produced 
no  effect  upon  nitrat  of  mercury. 

•  The  prulllat  of  polrilh  wliich  I  employed,  was  prrparcd  by 
(Imppiiig  a  fulucion  of  lartme  of  iwtalh  into  a  ralutlan  of  pruflUt 
of  lime,  at  long  as  any  tartiite  of  lime  ii  preciphnted.  Large  and 
tieautiful  cryllalt  of  prufliat  of  potath  vt  produced  by  cvlporating 
the  duid,  which  1  have  lound  to  rcniiin  unaltered  far  ieveral  years. 
By  tbli  metliixl  the  iatrution  of  the  fulphuric  acid  is  prevented  i  but 
Mr.  Hen/y'a  late  ingenious  procefs  recms  lo  be,  for  many  reafoni, 
preferable  to  it.  The  pmflial  of  titanium  piomifet  I  think,  to  be 
ufelul  in  the  aria.  Painters  in  oil  and  watei  colours  would  find  in 
it  a  valuable  acjuililion,  a*  a  btautiful  tranfparcnt  green. 

The 
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The  alumina  was  dried  gradiiallv,  and  healed  in  a  crucible,  P«dp.  o/tunli 
fo  Ihat  ihe  boltom  of  il  was  only  of  a  low  red  :  it  weighed  ^^'j,"" 'j*^ 
1  n  I  gr.  Expufid  In  a  (Irong  red  heat  for  half  an  hour,  it=B7  J.  md  bm. 
Sufpefling  that  a  fmail  portion  of  alkali  was  retained  by  it,  I 
rubbed  it  lo  a  line  poivdcr,  and  digelled  it  with  acetic  acidi 
for  many  hours,  and  faturated  it  with  amnionia. 

The  alumina  fufHcienily  edulcorated,  dried  and  expofed  to 
a  ftrong  red  heal  for  half  an  hour,  now  weighed  81J.  100 
grains  of  the  original  pounded  fpar,  (rom  which  I  bad  taken 
the  100  grains  on  which  I  operated,  were -cxpoled  to  ibe  fame 
heat,  and  for  the  (kme  time,  and  loH  ^  oi  a  grain,  as  I  had 
found  before. 

The  proportion  which  the  feveral  ingredients  of  this  flone  Comt-onoit 
bear  to  each  other,  according  lo  tlie  Ibregoing  analj'lia,  will'""^' 
be. 


Alumina  -    -    -    - 

Silex 

Oxide  of  titanium  . 
Water  .  -  -  - 
ifOii   -     -     -     -    ■ 


b]  1.623  7 
61   10         }   - 

c]  0,iO   J 


81,75 
] 2,125 


0.9S7 

......       1,J88 

too 

I  have  repeated  the  analjfis  of  tiiis  mineral  •  feveral  times,  AiulyGi  j 
and  have  always  found  it  to  contain  the  fame  ingredienU ;  P"'"'* 
though  there  has  been  a  (light  variation  as  to  the  relative  quan- 
tities of  each.  This  we  might  espcft  to  be  llic  cafe,  nol  onljr 
from  the  tofs  infeparabie  from  the  operations  lo  which  the  Rone 
is  fubjefted,  but  alfo  from  the  nature  of  the  Hone  ilfelf,  as  it 
is  not  perfectly  homogeneous.  In  one  inrtance,  I  found  the 
alumina  amount  to  81  per  cent,  and  (he  lilex  propurliunably 
diminifiied. — Until  we  have  better  means  than  we  have  at 
prefent,  of  afccrtaining  the  real  quantities  of  water  and  oxygen 
whicli  the  earths  and  the  oxides  of  metals  (evcrally  retain  in 

*  I  am  indebted  to  the  kindncfs  of  Mr.  RaAilelgh,  for  snother 
rpeclmen  of  corundum  from  the  Came  place,  which  differs  in  Tome 
lefpEfls  in  its  Oftemal  appearance  from  that  which  I  examined.  Il9 
colour  is  not  of  fo  bright  a  lilac,  and  it  feems  of  a  more  tompaft 
and  uniform  grain.  Its  furface  is  covered  with  a  coat  of  yellow 
piicai— This  1  have  not  fubjeitcd  to  experimeot. 
.,    .  the 


Ihe  iialurd  (late  in  wliich  ihey  exift.  as  Ingredients  of  c<Mii. 
plex  flotiM,  wc  mufl  coniider  ilie  refuft  of  clicmical  analjfisj 
but  a«  an  approximalioii  lowards  the  ilri&neh  of  truth. 

A*  l!ie  inirulion  of  tlie  oxide  of  titanium  into  the  place, 
wliicli  hai  been  ufuallj  occupied  by  the  oxide  of  iron,  confti- 
tules  this  fione  a  varicly  of  the  adamantine  genus,  I  have  been 
induced  to  record  my  expLTimciits,  I  am  aware,  however, 
(hat  it  may  be  jiiftly  obferxW,  that  the  oxide  of  neither  metals 
i;  fiTcniiai  to  the  nature  of  the  corundum. 

I  have  no  doubt,  but  that  theoxirtcoftilanium  will  be  found 
''  to  be  more  plentifully  fcat(ercd  nbroad  throughout  the  mineral 
kingdom,  Ihtin  it  has  been  hitherto  imngined.  Ihavcdetefled 
il  in  a  rpccies  of  ftilrl,  which  occurs  in  a  large  cryllallizcd 
mafs,  on  the  tenement  of  Bolallack,  in  the  parilh  of  Juft,  in 
this  county.  It  conipofes  Icveral  alteniale  beds  or  floors  of 
varying  dimeiifions.— The  compafliiefs  of  Ihefe  beds  not  bav. 
ing  allowed  the  cryftals  lo  (hoot  with  freedom  in  any  direc- 
tion ;  It  i*  rarely  that  they  occur  with  ihcir  terminations com- 
pleat. — Thefe,  however,  in  no  refpcfl  differ  from  Ihe  common 
forjvi,  and  vary  only  in  the  length  of  the  prifm,  from  j  of  an 
inch  to  an  inch. — The  colour  of  this  fliirl  is  black.— I  have 
alfo  lately  difcovcrcd  the  oxide  of  titanium  in  two  fpecies  of 
bafalt,  of  the  form  of  large  pebbles,  which  I  found  near  the 
fca-Qiore.  Whether  they  ato  natives,  or  wlielhct  they  were 
dropped  upon  our  coafc  accidentally  as  bailall  from  fome  veffel, 
1  have  not  as  yel  had  an  opportunity  of  afc«rtaining.  That 
they  are  rral  bnjlilts,  I  refl  upon  the  authority  of  one  on  whom 
I  can  faftly  rel^,  whofe  knowledge  in  mineralogy  can  be  only 
equalled  by  his  friendly  difpofition  to  comrauuicate  it.  I 
mean  John  Hawkins,  Efi|. 

My  experiments  alfo  proved,  that  they  contained  all  tha 
known  ingredit:nts  of  bafalts,  will)  tlie  addition  of  the  oxide 
of  titanium. 

Creed,  near  Granipound,  Ccnualt, 
March  2,  1 603. 


r 


or    AROMATIC    VINECilR.  SI5 

n. 

Loiter  JroiA  il/c.  William   Hkney.     Concernin-^  tl\e  Inrtn- 
tion  i\f  Aromatic  Vinegar, 

To  Mr.  NICHOLSON. 
SIR. 

X  AM  fenfible  thai  an  apology  is  neccflarj-  for  intruding  on  TTk  ipproptii. 
you  and  on  your  readen,  a  fubjcci  which  may  appear,  on  ^'^^^il^^* 
view,  to  have  lit'.lc  claim  to  general  atlcnlion.      If  the  rightsof  gcaeiil^ii. 
and  interelb  of  an  individual  ivcrc  alone  involved  on  ihii  oc-'""' 
calion,  1  (liould  not  have  rcqueRed  a  place  in  your  Joarna), 
for  the  follovtring  (tatcment.     But  it  is  fiircly  matter  of  general 
concern,  that  the  appropriation  of  diftoveries  and  improve- 
ment! (liould  be  dealt  with  tlrifl  Juflice  la  their  authors  :  for 
the  profpeft  of  this  diftribution  of  "  honour  where  it  it  due," 
is  one  of  the  mofi  animating  principlc!i  of  aftion ;  and  tha 
exiinflion  of  this  motive  would  follow  an  indiffereiKe  on  the 
part  of  (he  public,  to  the  claims  of  inventor*. 

More  than  tifteen  years  ago,  during  the  delivery  of  a  courfc  Dlfcoreri  thai 
of  chemical  lectures  by  my  father,  in  this  town,  he  had  occa- j|j""'  (™pw 
Hon  to  notice  a  quality  of  the  acetic  acid  or  radical  vinegar, lad cilcnti^ oilii 
which  had  not  to  his  knowledge  been  obferved  before;  vis. 
its  properly  of  dilTolving  camphor  and  various  eflcntial  oili. 
The  compound  was  found  lopofTefia  moll  pungent  and  agree- 
able odour ;  and  ai  the  rinaigre  des  qiialra  voUuri  had  gained 
much  reputation  in  preventing  infeflion,  it  occtirrcd  to  him 
that  the  newly  difcovered  folution  would  have  ilill  mote 
powerful  elfefit,  in  confequence  of  its  high  flate  of  concen- 
tration. A  bottle  of  thi*  prepamlion  he  gave  to  a  late  adive 
magiflrale  and  philanlhropift  (T.  B.  Bayley,  efq.  F.  R.  S.) 
who,  in  the  courfe  of  an  unwearied  and  undaunted  exercife 
of  his  public  funflions,  was  frequently  expofcd  tu  the  dangers 
of  fuul  and  infected  air.  Air.*  Bayley  was  highly  gratified  by 
its  etfefts  ;  and  not  otily  made  cunftanl  ufc  of  the  aromatic 
vinegar  on  the  bench,  aui!  on  hi«  vilits  to  the  ptifon,  but  in- 
troduced it  to  the  adoption  of  (evcritl  of  the  judges,  and  prin- 
cipal genlicmen  at  the  bar.  He  alto  fiill  fuggelt<;d  to  tny 
father  the  propriety  of  benehling  by  hit  djfcovery,  and  was  the 
medium  of  a  connexion  with  Mt.  Bajlev.  perfumer,  in  Cuiili- 
ipui  Street,  which  has  been  continued  to  the  ptelcnt  day. 

Tho 


SIS 


>'tltK«^K, 


The  fuiOion  b(      The  aromallc  vinegar,  like  all  other  articles  in  general  <le- 

ficiiTgiten'^B)^'  f"^"''"  ^'^  ''^n  *  frequent  fubjefl  of  unitHlion.     But  it  is  not 

1  rubfequent        of  this  Ihat  I  complain  ;  for  in  confequence  of  tinreinitling  al> 

"  *  tention,  our  prepaiation  has  maintained  a  decided  fuperiority 

over  all  olhert,  both  as^  lo  qualilv  and  exlenl  of  fale.     The 

occaCon  of  this  appeal  Iff  yout  readen  is,  Ihat  oop  of  thefo 

^  imitaliont  has  been  fanctioned  hy  (lie  name  of  a  rcfpeflable  phj> 

^U-  fician,  who,  though  not  exprefsly  yei  by  implicaiion,  con^er^ 

^P  ^  on  anolher  the  credit  of  that  inveniion,  which  injufuce  ii  due 

■  .*  to  my  father.     fAe  a  letter  from  Dr.  TrolUr.  ^^ficiaa  to  hi* 

H  majefiy't  fteet,  contained  in  the  advertifimeat  qf  a  London  drug' 

r        «*-> 

SubfcqoiDt  pre-  From  the  recommendatory  letter  alluded  to,  it  is  fufficientljr 
f«i!.(ip,  Arc.  e^iden,  [[,3,  jy^  Trolier  wa^  unacquainted  with  any  prior  claim 
to  the  invention  of  the  aromatic  vinegar ;  and  he  was  there- 
fore furnilicd  by  my  father,  in  the  moft  refpeflful  manner, 
with  the  fafts  that  have  been  laid  before  you.  To  this  letter 
th^  doflor  has  never  replied,  though  ho  declared  verbally,  lo 
a  medical  gentleman,  that  my  father's  preparation  had  never 
fallen  in  his  way ;  artd  that  if  it  had,  he  Aiould  with  equal 
readinefs,  have  given  tefiimooy  ip  its  favour.  The  advertife- 
ment,  however,  (lill  continues  to  he  regularly  inferted  ;  and 
I  therefore  deem  it  expedient  lo  appeal  thus  publicly,  againQ 
the  injuftice  of  fuch  a  proceeding ;  efpecially  in  behalf  of  a 
inan,  who  has  imitated  the  original,  only  in  affiiming,  with 
the  cooleft  effrontery,  an  advertifenient  drawn  up  by  myfelf. 
I  believe  tliereare  few  of  your  readers,  who  will  not  decide, 
that  the  ordinary  forms  of  civility  required  Qr.  Trolter  to  have 
taken  fome  notice  of  the  letter  that  was  addrefled  to  him  ; 
that  fuch  an  attention  ought  to  ha^'e  been  paid  lo  one  of  (he 
pIdeA  praflitioners  of  medicine  in  this  country  ;  and  that  more 
relpefl  woi  due  to  a  man  ^whom  1  Irufl  it  is  not  unbecoming 
me  lo  characterize,  in  terms  already  publicly  applied  to  him, 
virii  laitdatu  *)  "  refpedlable  -n  fcience  and  literature,"  and 
f'  diftinguifhcd  byingenuilv,  honour,  ant|  the  jlrifleft  integrity." 
I  am,  Sir, 

yqur  obliged  friend  and  fervant, 
WILLIAM  HEN?,)^ 
StlanelMjIer.  March  13,  1803. 


*  Dr.  AikiD  and  Dr.  Percival. 


AM  HEN?,]^^^ 

J 


pAi'CKX   OF   PUOSPBVRJC    FXEFA94TION9.  ^If 


Caution  agmnfi  the  Danger  /jf  having  PhoJ^ric  Preparations  ia 
the  Vicinity/  of  Wood.     JBi/  a  CorreJJ3ondent. 

To  Mr.  NICHOLSON.  i 

March  1,  1903.  j 

SIR.  ' 

Accidents  in  chemical  experlmenis  not  feldom  afford 
uferul  fafts  or  fiiggenions  ;  but  I  am  doubtful  whelher  or  no 
Ihe  following  occurrence  will  be  thought  \vorlh  notice  in  your 
Journal:  however,  ihe  account  of  ic  is  at  your  fervire. 

While  at  leflure  this  morning,  we  were  fuddenly  annoyed  Narrative  of  fire 
by  a  column  of  white  fumes  ilTuing  from  amoneft  bottles  of „,;^„^"  v  J, 
preparalions  on  a  fhelf,  which  was  foon  followed  by  flame,  phmuj. 
On  examination  I  found  the  inllamnnalion  proccoded  from  a 
bottle  containing  lime,  into  which  phofphorus  had  fublimed  in 
the  upper  part  of  a  tube  in  the  making  of  phofphuret  of  lime. 
This  was  not  therefore  phofphuret  of  lime,  bat  only  the  mix- 
ture of  particles  of  ignited  pholphoniR,  with  pulverized  lime 
fcarcely  ignited.  In  this  circumnance  ihe  phofphonis  I  know 
become*  oxigentzed  to  be  in  the  (talc  of  oxididt,  if  not  of  oxide; 
which  compofition  it  is  well  known,  I  fiippofe,  h  employed 
for  the  charginiF  ol  little  bottles  to  inftamc  fulphur  matches  by 
inere  frifiion  of  Ihem  within  tide  of  the  bottle.  In  theprefent 
cafe,  the  bottle  containing  the  lime  with  phofphorus  had 
cracked,  fo  at  to  admit  air,  which  excited  the  inflammation  at 
the  temperature  of  about  65".  Such  preparations  lliould 
therefore  be  kept  out  of  the  way  of  wood,  or  any  inflammable 
fubflancc,  for  if  this  accident  had  happened  when  no  one  was 
prefent,  the  whol£  laboratory  wntild  have  been  fet  on  lire. 

Your 'a  truly. 


IV.  Drjtriplion 


Defeription  of  a  neai   Reficding  Stiadrant.     By  Mr.  EtEK 
Walk  cr.     From  the  Author. 


To  Mr.  NICHOLSON. 
SIR, 

«doimio    1  HAT  inflrument  wliich  goes  by  t!ie  name  of  H« 
J  t  ^ui-     Q^^Janl.  may  perhaps  be  dL-emed  one  of  the  tnoft  ufeful 

ventions  oflhe  latt  century.  Although  its  arc  is  only  the  one 
eighth  part  of  a  circle,  yet  it  is  fo  conflruiied  ai  to  meafure 
angles  from  0°  to  90°  by  the  fore  obfervation,  and  from  90* 
to  1 80"  by  the  back  obfervation.  But  as  no  method  has  jet 
been  found  out,  by  which  the  back  horizon  glaf&  can  be  ad- 
juficd  with  the  fame  exactnefs  as  the  fore  one.  all  angles  above 
SO"  which  are  taken  by  the  hack  obfervation,  cannot  be  re- 
lied on  fo  much  as  thofe  that  are  taken  by  the  tbie  obfcrva* 
tion.  To  obviate  ihi?  inconvenience,  tlie  fexiant  was  invent- 
ed, by  which  any  angle  lefs  than  1 20*  may  be  token  by  the 
fure  obfervftlion.  This  is  an  invaluable  iaftrumcnl  to  the 
nautical  afltonomer  ;  and  indeed  it  is  much  to  be  regretted, 
that  its  ufc  is  not  fo  generally  undctliood  by  iravellf-Ts,  at.  the 
rftfUmisof  impcrfcft  ftiiieol  gi-o^riiphy  requiri-*.  li  mull,  however,  be 
*'""•  admitted,  that  it  is  not  f|uite  free  from  iinperleflioni.  V'uR, 
an  angle  greater  than  TiO"  cannot  be  taken  byitj  and  fe- 
condly,  when  a  large  angle  is  taken,  llie  ray»  of  light  tall  fo 
obIi(|iic]v  tipon  the  index  glafs  as  may  d  caCnii  fome  doubt  re- 
fpefling  the  truth  of  the  obfervation.  Mr,  Ludlam  gives  It  as 
ageneral  rule,  in  conJIruQing  an  oflanl,  "  ihut  very  oblique 
leAecUont  from  the  mirrors  ought  to  be  avoided  •."  If  it  bo 
neceflary  to  obferve  this  rule  in  conliruclinganoflant,  Uic  fame 
Ihould  be  attended  to,  as  much  as  pollible,  in  taking  obfer- 

Kew  iaffninunt  Thefe  imperfe^ions  fuggtfled  the  idea  of  an  inftrunient  lo 
"*^»"""h"  meafure  any. angle  between  O"  and  ISO"  by  the  fore  ohferva- 
ohiioiie  telle c.  ''"n,  wllhiiut  vury  oblique  rcflfclions  from  the  mirrors.  Plate 
W>a.  XII,  Fig.  2,  exliibils  a  |ilan  of  iliis  inllrument,  where  L  M  C 

rcprefenli  an  ofljnt,  conllru^ed  in  the  ufual  way,  A  B  thu 

■  Ludlam  on  the  ufc  of  Hatllcy's  quadrant,  par.  91. 

inde^ 


KEW    BErLEiTTlHC    Q1TADBANT. 

index  g1afs,  m  the  liorizon  glafs,  and  H  E  tlie  line  of  Gght,  or 
axis  of  (he  tdefcope.  Upon  this  line  of  light,  at  an  angle  of 
45  degrees,  let  another  horizon  glafs  be  fiKcd,  reprefented  by 
Ty,  which  may  be  called  thefecond  horuon  glq/s. 

When  u  ray  oF  light  R  n  falls  upon  the  centre  of  (he  glafb 
xy,  at  an  angle  of  -15  degrees,  it  will  be  reflefled  to  the  eye 
at  E  ;  becaufe  llie  angle  x  n  £  (the  angle  of  relleflion)  is  = 
45"  by  conllruftion,  and  confequenlly  KnH  and  RnEaie 
right  angles. 

The  Uji  of  the  ReftcSing  Quadrant  in  taking  Angla. 
All  angles  lefs  than  90'  are  to  be  taken  by  lliis  iiiHrument,  Mmj 
in  the  fame  manner  as  by  the  fexlanl.     Bui,  fuppofe  it  weru''' 
required  to  obferve  the  fupplemcnt  of  the  fun's  meiidian  alli- 
lude  at  Tea,  let  the  axis  of  vifion  be  direflcd  to  (he  zenith, 
and  turn  the  quadrant  till  that  part  cf  (he  horizon,  which  is 
cppodte  to  the  fun,  be  fecn  by  refleftion  from  the  fecund  ho- 
rizon glafs;  (hen  turn  (he  index  from  0  towards  M,  till  the 
fun  appears  in  the  telefcope,  with  one  of  its  limbs  in  contafl 
with  (he  horizon,  and  the  index  will  fliew  the  fun's  obfervcd 
zenith  diflance  ;  to  which  add  90",  and  the  fum  will  be  = 
(lie  angle  obferved  by  the  quadrant,  =:the  obferved  fupple- 
ment  of  the  fun's  meridian  altitude. 

To  adjufi  Ox  Second  Horizon  Clafi. 
Let  tlie  arc  L  N  be  made  equal  to  the  arc  L  M,  and  gra-  Adj«flmeiu. 
dualed  from  O"  at  L,  to  90"  at  N.     Then,  after  the  index 
error  has  been  determined,  fet  the  indes  to  90"  at  N,  and 
elevate  the  (elcCcope  till  (he  fun,  or  iome  other  remote  objefl, 
be  feen  by  refleflion  from  the  index  and  horizon  glalTes,  and 
the  fame  objefl  will  alfo  be  feen  by  refieflion  from  (he  fecond 
horizon  glafs ;  confequenlly,  iheanglc  R  iH  becomes  known 
to  as  great  a  degree  of  precifion  as  (he  index  error. 
I  am, 
SIR, 
Your  obedient  fervant, 

EZEKIEL  WALKER. 
fynaKegu,  Feb.20,   1803.  >  •» 


V.  Mijtcllaneous 
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V. 

MiJitOaiuoui   Jr\fvTiiialinn.      Mijiake   refpeSing  Dt. 

Auiltor  nftiK  Etrmenti  of  Chemijiry.  Ob/frralWM  on  the  Scot- 
tijh  Querni.  On  tlit  /iippnfid  Daerminaiinn  of  the  real  Ztro 
of  Htat.     In  a  LelUr/rom  a  Corrrjpondenl, 


To  Mr.  NICHOLSON. 


SIR, 


rcl^ea.  i  BEO  leave  lo  olifcrve  a  fmall  inaccuracy  in  ihc  notice  •  of 
IinDt. Thorn-  p^  Thomfon's  Sylfen.  of  Chemiftry.  Thomas  Thomfbn, 
M.  D.  Lefluier  on  Chemifiry  in  Edinburgh,  who  is  mucb 
rJleemed  for  his  exlenfive  knowledge,  is  the  author  of  thai 
excellent  work.  The  Notes  on  Fourcroy's  Elements  of  Che- 
miftry  were  written  by  Mr.  John  Thomfon,  furgeon  in  Ediih 
burgh. 

The  foUowing  remarks  are  at  your  fervire,  from 
SIR, 


Your  very  humble  fcrvant. 


4 

^  Joor-     I 


Edinburgh,  Feb.  17.  1803. 

J.  Obfcnaiiom  na  th  Smiijb 'S\ 

Tlie  Ipdian  hand  ipill,  dcfcpbed  in  Ihe  Philofophieal  Jour- 
nal {II!,  1B6),  very  much  reftmblcs  the  hand  mill  or  quern* 
ufcd  by  the  cottagers  in  Scotland  fur  grinding  mait.  There 
are  many  varietit5  of  quern?,  but  the  grepler  number  of  them 
anfwer  lo  the  defcription  juft  quoted,  to  which  I  beg  leave  lo 
refer  the  reader. 

The  quern*  in  /Mierdeeniliire  have  a  peculiar  form:  9  cy- 
lindrical cavity  in  the  under  ftone  contains  the  tipper  one.  A 
pluf;  of  wood  i(  driven  in  the  center  of  this  ftone  for  Axing  the 
gudgeon,  and  there  is  an  eye  or  aperture  in  the  angle  through 
which  the  ground  malt  runs  out.  Inl^ead  of  culling  {b  much 
out  of  the  folid  flone,  ii  would  be  belter  lo  ufe  a  wooden 
dtutu.  It  is  unnecelTary  fur  me  lo  give  a  more  minute  detail 
of  the  Stollilli  querns,  which  have  been  long  known  in  this 


»  Phil.  Jou 
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COttntry ;  feveral  pieces  of  them  having  been  found  in  llie 
tuini  of  very  old  building*. 

In  Dumftieslhire  ihc-re  h  a  fmalt  pair  of  mill  flones  on  =>  Jl;']^""" 
fiame,  driven  by  a  crank,  &  verticeil  cog  wheel,  and  a  hori- 
zontal pinion,  whicii  grind  very  well,  and  are  extremely  ufe- 
ful.  Tlie  flonea  have  a  drum  and  hopper  lilte  n  fingle  mill. 
An  eafy  exfft-ditious  method  of  rediLcing  grain  to  flour,  is  of 
the  utraof)  confeijucnce  to  the  inhabitants  of  every  civilized 
country,  and  ingenious  men  deferve  our  beft  thanks  for  llieir 
reiterated  atlempls  to  obtain  fo  deGreable  an  end. 

II.   Ob/irBOliims  oa  tlie/uppo/ed  DelcrTiiiaation  of  th  rail  Zero.  Ontheicraof 

Many  eminent  chemifis  have  endeavoured  to  difcovcr  ihi: 
real  zero,  or  the  divilion  on  the  thermometric  fcaic  corrc- 
fponding  to  the  total  privation  of  caloric,  but  their  labours 
have  liilhsrto  been  unfuccefsful.  Dr.  Irvine  of  Glafgow  con-  Dr.  Irvine. 
trived  a  theorem  for  this  purpofc,  which  he  founded  on  fup- 
politions  and  experiments ;  and  Mr.  Dalton  has  lately  propofcd  Mr.  DiIcdb. 
an  hypothefis  for  the  folulion  of  the  fame  problem.  Thefe 
may  be  coniidered  in  their  order. 

Without  giving  Dr.  Irvine's  theorem,  which  is  fo  well 
known,  I  (hall  inferl  the  principal  rcfulls  of  the  experiments 
and  calculations  founded  on  it. 

in  the  following  tabular  view,  (he  numbers  in  the  firll  CO-  DctFrmlnanom 
lumn  denote  degrees  of  Reaumur's   fcale  above  or  bchiu  ihc^^^'"'^"* 
freezing  point,  and  thofe  in  (he  fccond  column  indicate  de- ,cn^ 
grees  of  Fahrenheit's  fcale  uhove  or  beltnv  the  fame  point,  ac- 
cordingly as  the  lign  pltu  or  minus  h  prefixed  refpeclively. 

Kcaumui.    Fihitnliut. 

M  M.  Lavoifier  and  Laplace,  from 
experiments  on  a  mixture  of  nine  parts 
of  water  and  16  parts  of  quicklime, 
place  the  real  zero  at  -         -  — 1337«=— awSi" 

Their  experimenli  on  a  mixture  of 
tulphuric  acid  a  id  water,  in  the  pro- 
portion of  4.  to  3  tefpeftively,  lix  it  at       — 32tl=— 7292^ 

Their  experiments  on  a  mixture  of 
the  fame  fluid*  in  the  proportion  of  4 
10  5  place  it  at        -        -•     -         •      — 1169=— 2630i 

And 
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And  the  experimenls  of  theft  cele- 
brated philofophers,  on  a  mixture  of 
nitrous  acid  and  quick  lime  iii  the  ratia 
of  SIy  to    1,  give  for  tlie  real  zero. 


+  1059ti=+23337-|. 


—842= 


-1204=— 271 


— O-onss 

Scguin,  from  the  experi  ments  of  La- 
voifier  on  tbecombuflionof  phofphorus 
narrated  in  liis  Elements  of  Chemillrv, 
di:teriiiincii  die  place  uf  tlie  real  zero 
lo  be         -  .... 

He  founil,  by  llic  c:<pcrimcnts  of 
Lavoifier  on  the  combuftion  of  carbon, 
that  it  OiDuId  be  •  -  - 

And  he  inferred,  from  LavoiCer's 
e.\peritDents  on  the  combuftion  of  hi- 
drogen  gas,  that  liio  real  zero  (iiould 
beat  .         -  -  -  - 

The  comparifoii  of  the  capacities  of 
Svaler  and  ice,  which,  according  to  the 
experiments  of  Kirwan,  arc  as  I  to 
0.9,  fix  the  real  zero  at  • 

Dr.  Crawford,  from  experinienls  on 
the  combuftion  of  hidrogen  gas,  places 
llie  real  zero  at  1- 

Gadulin's  experiments  on  the  con- 
verfion  of  fnow  into  water,  taking  tlie 
capacity  uf  fnow  to  tliat  of  water  a;  9 
to  10  according  lo  Magellan,  place  the 
realzeroai;        ....  _e4,9^=_i4.6l4 

Thefe  ten  widely  different  refulfs,  of  which  one  is  impof- 
fiblc,  induce  us  lo  conclude  that  one  of  Dr.  Ir\-inc'!  fuppoli- 
litions  at  Icaft  is  erroneous.  Indeed,  it  feems  to  be  agreed 
that  his  theorem  is  not  well  founded.  The  feventh  and  ninth 
numbers  allb  Utew,  that  a  near  approximation  to  accuracy  is 

"  An  inierelting  Paper  by  M.  Seguin,  from  which  the  firft  eight 
cumbers  are  taken,  may  be  feen  in  the  Annalcs  de  Chimic,  V.  25'j. 
■f-  Crawford  on  Animal  Heat,  i'lJT. 
t  Ibid.  45S. 

fcarcely 


-600=— 1; 


— 680^=— 1J32 


m 
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fcarcdly  attainable  in-  thefe  experiments.  Let  us  now  coii- 
Hcler  the  fecond  hypothefis. 

In  the  Philofophical  Journal,  Vol.  III.  page  130,  there  is  Mr.  Dalton's 
a  very  important  paper  of  Mr.  Dalton's  on  the  Elxpanfion  of  ^^^  ** 
Elaflic  Fluids,  where  he  fays,  **  In  order  to  explain  the  man* 
ner  in  which  elaftic  fluids  expand  by  heat,  let  us  alTame  an 
hypothecs,  thai  the  repulfive  force  of  each  particle  is  ex- 
adlly  proportional  to  the  whole  quantity  of  heat  combined 
with  it,  or  in  other  words,  to  its  temperature  rdckoned  from 
the  point  of  total  privation  :  then,  ilnce  the  diameter  of  each 
particle's  fphere  of  influence  is  as  the  cube  root  of  the  fpace 

'  3  3  

occupied  by  the  roafs,  we  (hall  have  y/ 1 000  x^\'i25  (10:  II 
nearly)  : :  the  abfolute  quantity  of  heat  in  air  of  55^  :  the 
abfolute  quantity  in  air  of  212^.  This  gives  the  point  of  total 
privation  of  heat,  or  the  abfolute  cold,  at  1547^  below  tlie 
point  at  which  water  freezes." 

According  to  this  hypotheiis,  I  have  computed  tlie  follow*  Compautfons  of 
ing  numbers,  where  the  fame  is  to  be  underflood  as  in  the  lad  SSj"^?**"* 
table,  except  the  degrees  in  the  firfl  column,  which  are  thofe 
of  the  centigrade  thermometer. 

Celfiut.        Fihrenhcit. 

V^ioOO:^1323  ::  10:  10.983446, 
which  places  the  real  zero  at         -     — 874^.12= — 1573^.43 


V^IOOO:  y/\315  ::  10  :  11.1199, 
which  fixes  it  at         -         -         -         —892.93= — 1607.29 


V^1167  :  ^1325  ::  10.528:  10.9S34, 
nearly,  which  gives        •        -        -  — 952.34= — 1714.2 

V'lOOO  :  v/1167  ::  10  :  10.528268, 
and  the  r^al  zero  is  at  -        -        — 827.77  = — 1485.98 

Thefe  dedu6lions  do  not  differ  nearly  fo  much  as  thofe  in  the  Thefe  refalti 
firft  table;  yet  they  give  grounds  for  believing  that  tbe»fup-*.PP*'*"|j]j^"' 
portion,  or  the  greater  part  of  the  experiments  is  erroneous. 
It  is  no  fappurt  to  the  validity  of  *this  hypothefis  to  fay,  that 
the  firfl  number  nearly  agrees  with  one  deduced  from  a  me* 
thod  totally  different ;  for  it  might  have  been  confidarahiy 
greater  or  lefs  than  it  i$,  and  yet  have  been  nearly  equal  to 
one  of  thofe  in  the  firfl  table.  There  feems  to  be  a  flip  in  the 
degrees  mentioned  in  Mr.  Dalton's  paper ;  for  167  -f*  158  = 
525,  the  whole  dilatotion  between  b5^  and  ei2^  while  11  {^ 
5  -V^^i? 
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-f- 771"  =  155°  onljf,  which  (hould  be  157",  of  which  ih* 
half  ii  781'.  Xhis  might  eaCIv  ba|ipen  !  in  the  calculalionS 
of  the  third  and  fourth  number  I  have  ufed  78^°. 

Mr.  Dakoii  and  Cit.  Gay  Luflac  have  conCderably  im- 
proved tlie  method  of  experimenting  on  gafe»,  ami  it  is  to  be 
hoped  tbey  will  path  their  improvements  flill  fuither. 

n. 
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Dr.  BojAMES. 

( Concluded froiH  Pagt  202  J 

5.   Organn/lhe  InpnStif  Sexual  Union, 

S^Sciiataniaa.  A  HE  organ  of  the  inflin£lof  lexual  union  is  fiLualed  at  llid 
bafe  of  the  occipital,  behind  the  vicdullu  ol/langaia,  and  Ui« 
Jarge  aperture  ol  llie  occipital. 

This  organ  is  noi  developed  until  the  age  of  puberty;  and 
it  in  a  great  meafure  influences  the  figure  of  the  back  of  the 
neck,  becaufti  U)e  niufclcs  are  atlacUed  to  this  put  of  the 
cranium. 

The  developement  of  this  organ  does  not  take  place  in  ani- 
mals which  are  caArslcd  before  pubcrt) ,  for  which  reafon  it  ■■ 
invariably  ubfened  thai  bulU  have  much  llronger  necks  than 
oxen,  and  "  that  hurfcs  which  have  undergone  ibis  operation, 
before  the  neck  is  formed,  are  always  (lender  in  that  pari." 

In  the  monkey,  the  hare  and  iliecoct,  this  organ  isverydif^ 
linS,  and  in  pigeons  and  tjiarroM's  the  occiput  forms  a  peculiar 
fack,  which  appears  to  be  an  appendage  to  the  head;  it  is 
alfu  known  that  Ihefe  animals  have  a  Itrong  difpofition  (o  co- 
pulate. The  fame  ccmtigutalion  is  fumeiimei  found  to  the 
cranium  of  men,  and  Gull  poIfelTes  in  his  cabinet  fevcral  Ikulls 
of  idiots,  who  were  noted  tor  lafcivioufncfs,  in  which  the  oc- 
ciput has  a  very  unufual  prujeftion. 

6.   Orgaa  tifllic  Mutual  Lore  of  Parent!  and  Chtldrra. 
titilinJ       The  organ  of  the  mutual  love  of  parents  and  children  occu- 
(flion.    jjj^j  jIi  [j|g  [jj,(,|^  j,p  J  upper  part  of  the  occipital;  irum  its  pofi- 


tion  it  is  intimately  connefled  with  the  preceding  organ,  which 
conrequently  influences  this  by  its  afllon.  "  The  enceffive 
developemcnl  of  (his  organ  fomelim-cs  contributes  tu  tbrm  that 
prolongation  of  llie  'occiput  of  which  we  fpoke  in  the  preccd. 
ing  article." 

This  organ  is  in  general  more  (fiflinft  in  women  than  in 
men,  and  throughout  nature  it  is  more  defined  in  the  female 
than  the  male  ;  tt  is  more  particularly  apparent  in  monkeys, 
whofe  fondnefs  for  their  young  ii  To  remarkable  as  to  have 
become  proverbial. 

"  In  general,  all  ihofe  animals  which  fliew  much  afteAion 
for  their  young  are  provided  with  it ;  and  it  appears  to  us  that 
pigeons,  the  male  of  which  fits  on  the  eggs  as  well  as  the  fe- 
male, and  which  feed  their  young  nefllings  by  a  kind  of  rumi- 
nation, may  be  taken  as  an  example." 

The  cuckow,  which  never  rears  its  young,  is  almoU  en- 
tirely dedttute  uf  this  organ. 

7.   Organ  of  Allaclimcnt,   q}' FntndJIiip. 

Behind  and  between  Ihe  parielaK,  and  on  the  lateral  parts  7.  Attxhineni) 
of  the  occipiiut,  is  placed  tlis  grgaii  of  attachment,  or  of^'""'"'"^* 
friend  Hii  p.  ^^h 

"  By  its  pofition  it  has  an  intimate  connection  witli  the  two  ^^^| 

preceding  organs,  and  it  ii  in  animals  deflined  to  live  in  focie-  ^^^H 

ties  that  the  united  aaion  of  thcfe  three  organs  takes  place."  ^^^ 

Dogs  niew  the  moR  aftonilliing  marks  of  attachment,  and 
fpaniels,  terriers,  and  houfe-dogs  aflbrd  the  greaieft  number 
of  examples;  thefefpccies  arc  alfo  dillinguifhed  by  a  large 
liead,  in  which  the  developement  of  this  organ  is  found  be- 
hind and  above  the  zygomatic  apnphi^es.  The  head  of  the 
greyhound,  which  is  lefs  fufcepilhle  of  attachment,  Li  nar- 
rower behind,  and  ufually  without  this  organ. 

S.  Organ  qf  Courage. 

The  organ  of  courage  is  placed  at  the  poUerior  and  inferior  g  roufm 
angle  of  the  parielals,     ItalliHsin  increafing  the  fize  of  the 
head  and  A;par:iting  the  ears  from  each  other.     Its  proximity 
to  the  three  preceding  organs  accounts  for  the  fury  of  animals  ^^H 

in  lulling  time,  and  for  the  extraordinary  courage  of  thofe  ^^H 

which  have  young,  or  which  protcA  their  females  or  the  in-  ^^^| 

dividuaU  of  their  fociety.  ^^^ 

Vol.  IV.— Aphil.  Q  It 
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It  is  moft  diiliiid  id  the  hyena,  the  lion,  the  wotT,  tamt 
.fpedes  of  dogs,  and  particiilarly  in  the  wild  boar,  the  fierce- 
nefs  of  which  is  well  known. 

On  the  contnu-y,  the  ais,  the  greyhoond,  the  fbeep,  the 
hare,  which  are  diftinguiflied  by  their  timidity,  are  deftitntc 
of  this  organ ;  their  heads  are  narrow  behind,  and  their  ears 
almoft  dole  together. 

A  fingular  phenomenon  feems  to  give  countenance  to  the 
opinioa  of  Gall  refpediqg  the  fituation  of  this  organ ;  it  is  the 
involuntary  adion  of  a  man  who  lofes  his  coorage*  He  mba 
behind  his  ears,  as  if  endeavouring  to  flimolate  the  adioD  of 
that  organ  from  which  this  fiusuky  is  derived. 

Natt,  "  We  have  noticed  an  adiion  of  cats  which  appears 
to  have  feme  refemblance^  the  above,  and  which  regarda 
the  organ  of  attachment.  It  is,  that  in  careffing  man  they  rub 
againfi  him  with  the  back  part  of  the  head.** 

9.  Organ  qf  the  Jnftina  to  Jlffiiffinate. 

)•  AffiifMMiioa»  The  organ  of  the  inftind  to  a(&flination  is  fitnated  more 
forwaid  than  the  organ  of  cdbnge,  towards  the  middle  of  the 
fides  of  the  pari^als. 

It  is  developed  in  all  the  carnivorous  animals  who  five  by 
prey  ;  and  Gall  found  it  in  the  (kulls  of  feveral  murderers. 

10.  Unknatvn  Or  gam, 

10.  Unknown.  T'wo  organs  which  correfpond  with  the  temporal  bones, 
arc  yet  unknown  as  to  their  fun6tions. 

1 1 .  Organ  qf  Cunnings 

SI.  Cunning.  The  organ  of  cunning  occupies  the  front  and  lower  parts  of 
the  parietals ;  it  is  developed  in  all  thofe  animals  which  are 
diflinguifhed  for  this  faculty,  fuch  are  the  fox,  the  pole-cat, 
the  cat,  the  diver  *,  and  it  is  in  the  moft  intimate  combina* 
tion  with  the  organ  qf  th^,  which  is  only  a  prolongation  of 
this  towards  the  .orbit,  and  is  found  in  cats,  fome  dogs,  and  in 
magpies. 

•  An  obfervation  which  it  appears  difixcult  to  reconcile  to  this^ 
is  that  Gall  conftantly  obrerved  this  organ  to  be  developed  in 
poets  i  he  gives  no  explanation,  but  his  obfefvation  is  accurate. 

It 
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It  is  perhaps  to  the  developement  of  fhin  organ  that  the 
Calmucks,  whofe  rational  character  is  that  of  theft,  are  in- 
debted for  that  magnitude  of  their  heads  whiuh  has  been  no* 
liced  by  forae  obfervera. 

12.   Organ  of  CircumfptSion, 

The  organ  of  circumfpeflion  is  fiiuated  in  the  middle  of  (he  ii.  Cuciunrpui 
parietals,  above  the  organ  of  cunning,  and  that  of  the  inftinfl  """• 
to  allaflination. 

The  exce (live  developement  of  this  produces  irrefoluiion,  ' 

and  ils  defL-a  caufes  heedieifnefs ;  it  is  diflinfl  in  the  chamois 
and  the  rein-deer,  llie  circumfpeflion  of  which  is  remarkable, 
and  which  do  not  Ircad  over  unknown  paths  but  with  the 
greatefl  precaution. 

It  is  alfo  found  in  fuch  aiiimaU  as  only  leave  their  retreats 
at  night,  fuch  as  owls,  otters,  8ic.  | 

13.   Organ  qf  the  Infiina /or  Self- Elevation.  \ 

This  organ,  in  (he  middle  of  the  inner  border  of  the  parie-  ij,  Stir-«Ien4 
tals,  a  little  farther  back  ihan  the  middle  of  the  upper  part  of ''•'"• 
(he  head,  gives  m  a  true  notion  of  the  difficulties  to  be  over- 
come in  the  refearches  of  Gal!,  and  at  the  fame  time  affords 
a  Rriking  example  of  the  happy  opinions  of  thii  accurate  ob- 
ferver. 

■  He  found  ihis  organ  well  developed  in  the  chamois,  and 
dill  more  To  in  the  wild  goat;  he  alfo  noticed  the  fame  in 
many  men  diAinguilhed  by  their  pride.  It  was  difficult  to 
bring  thefe  obfervalions  into  one  point  of  view;  but  on  con- 
fidering  that  the  chamois  frequents  (he  moll  lofty  parts  of 
mountains,  that  (he  wild  goat  is  con/tantiv  endeavouring  to 
afcend  higher,  and  that  pride,  attentively  examined,  is  only 
the  delire  to  be  fuperior  lo  olhers,  he  was  perfuaded  that  this 
was  the  organ  which  produced  thefe  elFefls,  apparently  Jit  dif- 
fering, and  ho  look  it  for  the  organ  of  tlie  inllinft  of  raiting  or 
felf-elevalion. 

The  head  of  the  proud  man,  raifed  and  thrown  back,  tends 
lo  confirm  this  opinion  flill  more. 

Note,  "  it  appears  lo  us  that  tlie  tigure  uf  a  proud  man, 
oppofed  to  that  of  a  fubmidive  and  roodcll  man,  renders  the 
truth  of  this  notion  more  obvious.  In  the  firft  every  thing  ii 
direfled  upwards;  he  fels  up  his  hair,  raifes  his  head,  lifts 
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his  brows,  lurns  up  his  eyes,  ibrowt  back  his  (houldefii,  walks 
on  tip-loe,  and  confidsrs  every  forrounding  obj*.'£t  as  beneatli 
him ;  in  the  other,  on  tlie  contrary,  the  hair  falls  nftlurally, 
the  eyes,  ihe  eyc-Uds  and  Ihc  head  are  turned  downwards, 
llie  body  and  the  knees  are  flighllj  bent ;  in  (tiort,  every  thing 
indicates  a  (late  of  fubraiffioti,  without  a  wiDi  for  fuperiority." 

IV.   Organ  nj  the  LoBcqfCtory. 

When  this  organ  is  extended  farther  on  the  Cdes,  it  forms 

that  of  ihe  love  of  glory,  a  propeniily  very  analogoat  to  pride. 

15.  Orgamif  the  Lore  of  Truth. 

The  function  of  the  organ  which  is  feen  at  the  poftetioranJ 
fuperlor  angle  of  the  parietal;,  is  not  e\a£lly  fixed  by  Gall ; 
neveithelefs  he  ha-i  reafons  to  confider  this  angle  as  Ihe  feat  of 
the  organ  of  the  love  of  truth  ;  but  he  has  not  yet  co]le£led  a 
fuRicieiil  number  of  Cafls  to  prooute  entire  conviciion. 

Nolt,  "  We  have  fome  difficulty  to  perfnade  ourfclves  of 
the  fun^ion  attributed  by  Gall  to  this  laft  organ;  it  appears 
to  us,  that  an  organ  Ibund  among  thofe  with  which  animals 
arc  provided  as  well  as  men,  ougiil  not  to  be  approprialcd  lo 
a  faculty,  like  tlic  attribute  of  veracity,  is  adapted  only  to  tiie 
latter. 

"  Neverthelefs  this  faculty,  like  that  of  pride,  may  be  capa- 
ble of  great  modihcations  in  animals:  and  we  acknowledge 
that  we  have  known  two  men,  one  of  ^hom  was  diAinguiIlied 
by  extreme  veracity,  and  was  furnifhed  with  this  organ  in  a 
very  eminent  degree  ;  but  the  other,  on  the  contrary,  whofe 
difpofilion  for  fallhood  was  extraordinary,  was  fo  entirely  de- 
flituteofil,  that  inftead  of  a  projcflion,  there  was  a  cavity  id 
thit  part  of  the  head." 

In  the  anterior,  or  lower  part  of  the  osfronlii.  Gall  difco- 
vercd  many  organs,  the  fundions  of  which  are  of  great  im- 
portance. 

At  the  commencement  of  his  inveCtigations,  he  cimlidered 
Ihem  as  organs  of  the  dilTerent  fpecies  of  memory  ;  but  after- 
wards obferving  that  their  action  was  not  merely  reproductive, 
but  alfo  produdive,  he  was  induced  to  confider  tiiem  as  the 
organs  of  particular  fenfes,  and  to  cHablilh,  from  this  obfer- 
vation,  the  opinion  that  memory  in  general  is  only  the  repro* 
duflive  operation  of  oil  the  organs;  and  that  imagination,  oa 
liie  contrary,  is  tlKJr  prodaftive afllon. 
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Tlie  automatic  motion  of  man  who  endeavours  to  recoiled^, 
feems  to  relate  to  tbefe  organs.  He  places  his  hand,  uncon* 
fcif  ufly,  upon  the  lower  part  of  his  forehead.  This  a6lion, 
though  unobferved  by  him  who  performs  it,  is  neverthelefs  con- 
flant,  and  is  never  confounded  with  that  mentioned  before, 
under  the  head  of  the  organ  of  courage. 

1 6.  Organ  of  the  Senfe  qf  Locality, 

The  organ  of  the  fenfe  of  locality  occupies  the  fore  part  of  x6.  Seafe  of  lo- 
the  osfrontis,  which  correfponds  to  the  protuberances  above  ^^^X* 
the  orbits  (protuheraniiajkprct  orbitales)  ;  it  is  generally  found  * 
in  the  craniums  of  thofe  who  are  diflinguilhed  by  large  frontal 
iinufes,  and  uniformly  have  an  anterior  cavity  adapted  to  an 
elevation  of  the  brain. 

When  it  a6ls  reprodu6tively,  it  conditutes  what  we  term 
local  memory  (memorin  localis)  ;  by  its  produ6live  operation, 
on  the  contrary,  it  inclines  to  combinations  of  new  localities. 

It  is  this  organ  which,  in  unknown  places,  directs  the 
blood-hound,  in  whom  it  is  flrongly  defined ;  it  exifls  in  all 
birds  of  paflage ;  it  incites  them  to  change  of  place,  to  take 
long  flights,  and  to  return  to  their  fir  (I  habitations :  the  flork 
and  the  fwallow  are  eminently  provided  with  it,  as  well  as 
thofe  animals  which  remove  the  farthed  from  our  climates^ 
In  fuch  men  as  are  furniflied  with  it,  we  alfo  difcover  a  (irong 
remembrance  of  places  and  a  defire  to  travel ;  it  is  alfo  con- 
flantly  found  in  good  painters  of  landfcapes. 

"  A  general,  who  regulates  the  difpoiitions  of  an  army, 
and  who  at  a  glance  mud  difcern  all  the  localities  of  the  coun- 
try he  occupiesi  cannot  fucceed  without  it."  The  great 
Frederic  furnilhes  us  with  a  driking  example.  In  advanced 
age,  this  organ  is  one  of  thofe  which  fenfibly  diminifhes :  it 
is  alfo  notorious  that  every  kind  of  memory  and  of  imagina* 
tion  grow  weaker  as  the  individual  becomes  older ;  the  frontal 
finufes  then  increafe  within ;  the  aclion  of  the  brain  is  no 
longer  capable  of  ob(lru6ling  their  dcvelopement. 

17.  Organ  of  tlte  Scnfi  qf  Things  (fenfum  rerum.) 

The  fenfe  of  things  has  its  correfpondent  organ  in  the  lower  17.  Seafe  of 
and  anterior  part  of  the  osfrontis,  between  and  higher  than  ^^^* 
the  preceding ;  its  adion  is  both  produdive  and  reproduc* 
tive;  and,  in  the  latter  cafe,  it  gives  the  remembrance  of 
^sand  things. 
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This  organ  is  very  neceflary  to  education  and  inftra6lion, 
which  abfolutely  require  the  recolleQion  of  pad  circumftances  ; 
in  age  it  is  fubjedt  to  the  fame  change  as  the  preceding. 

Among  animals,  the  elephant  is  particularly  diftinguiftied 
by  the  developement  of  this  organ  ;  this  animal  alfo  retains 
with  the  greated  accuracy  thofe  circumftances  and  a6b  which 
have  a  reference  to  itfelf. 

"  Among  men,  we  have  found  this  organ,  not  only  in 
thofe  whpfe  memory  of  fads  and  objects  was  powerful,  but 
alfo  in  thofe  which  might  be  denominated  fyftematic  beads, 
from  arranging  fads  in  order,  and  hence  forming  conclufions  ; 
in  thofe  who  polTefs  a  happy  conception,  and  are  diftinguifhed 
by  a  defire  of  univerfal  knowledge ;  it  even  appears  to  us, 
that  the  operation  of  combining  fa6ls  with  a  view  to  obtain  a 
refult,  is  one  of  the  principal  adlions  of  this  organ ;  at  lead 
the  elephant,  who  keeps  his  trunk  filled  with  water,  for  the 
purpofe  of  throwing  it  over  the  man  who  had  offended  him 
the  night  before,  arranges  a  number  of  fads,  and  draws  from 
them  a  refult  which  is  a  true  logical  conclufion;  and  we  are 
not  acquainted  With  any  other  organ  in  the  elephant  to  which 
this  adioQ  can  be  referred. 

"  The  automatic  movement  of  the  man  who  perceives  that 
he  hj^s  reafoned  wrong  feems  to  give  eft'ed  to  thefe  conjec- 
tures.    He  flrikes  himftlf  on  the  middle  of  the  forehead." 

18.   Organ  of  Painting,  Scnfi  qf  Colours, 

iS.  Ptmtjfig  or  The  organ  of  the  fenfc  of  colours,  or  of  painting,  occupies 
the  fore  part  of  the  osfrontis,  above  the  orbit ;  Gall  has  ob- 
ferved  this  organ  ii»  all  painters  of  eminent  talent. 

•'  Having  been  acquainted  with  this  difcovery  but  a  (hort 
time,  we  have  not  been  able  to  colled  many  obfervations  on 
it ;  we  have  neverthelefs  remarked  it  in  fome  individuals,  and 
it  is  very  apparent  in  the  head  of  Raphael,  in  the  National 
Mufeum,  No.  57." 

19.   Organ  of  the  Senfi  of  Xumbers, 

J9.  Scnfcof  The  organ  which  corrcfponds  to  the  lower  and  exterior 

numbers.  ^^^^  ^f  ^^^  affront  is,  near  the  zygomatic  apophyfis  of  that 

bone,  poffefles  the  fundion  of  the  fenfe  of  numbers ;  it  exifls 

in  men  whofe  memory  is  good  with  refped  to  numbers,  and 

In  arithmeticians  who  combine  calculations  with  facility  ;  it 

exifts 
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exifts  in  a  (pecies  of  magpie  capable  of  counting  as  far  as  nine^ 
ivhich  is  the  only  example  known  among  animals. 

"  We  have  had  an  opportunity  of  noticing  this  organ  on 
the  head  of  a  blind  man,  at  the  Quinze-Vingts^  remarkable  .^ 
for  his  arithmetical  talents ;  and  Gall  preferves  the  buds  of 
many  men  which  afford  very  indrudtive  examples/' 

20.  Organ  of  tlu:  Mufical  Scnfe, 

Above  this  organ  is  found  that  of  muHcal  fenfe^    or  forto.Mufic. 
founds.  X 

It  a6is  in  a  manner  iimilar  to  the  other  organs,  produc- 
tively and  reprodudively  ;  it  gives  the  memory  for  founds ;  it 
facilitates  the  new  combinations  of  mufical  coropofition ;  it 
induces  birds  to  (ing;  it  ads  upon  tliofe  who  learn  to  fpeak, 
and  in  whom  language  is  founded  only  upon  this  remembrance 
of  founds. 

It  is  intirely  wanting  in  animals  which  have  no  mafical 
fenfe ;  it  is  Hrongly  developed  in  the  parrot  and  the  darling ; ' 
and  thofe  great  muiicians  Gluck,  Mozart,  Haydn^  PleyeJj 
furnilh  us  with  flriking  examples. 

21.   Organ  of  Senfe  for  Mechanics. 

In  the  lateral  and  inferior  part  of  the  osfrontis  is  found  the  21.  Mechaoici* 
organ  of  fenfc  for  mechanics.  The  beaver  which  forms  its 
habitation  is  eminently  provided  with  it ;  it  exids  in  the  field* 
rooufe  and  in  the  birds  which  make  their  nefls  with  much  art; 
it  is  met  with  in  men  of  mechanical  talents,  who  condrudl 
with  eafe  any  machine,  who  ufe  their  hands  with  dexterity, 
and  who  excel  in  the  different  arts  which  require  manual  la* 
hour.  Though  it  may  be  difficult  to  judge  of  the  exiflence  of 
this  organ,  when  it  is  but  flightly  developed,  "  becaufe  the 
temporo-maxillary  mufcle  covers  this  part  of  the  cranium ;  it 
i<  neverthelefs  very  apparent  if  the  faculty  exifl  in  a  fuperior 
degree,  and  it  is  then  one  of  thofe  organs  refpedling  which 
there  can  be  the  leafl  doubt. 

22.  Organ  of  Verbal  Manory, 

In  the  interior  of  the  orbit,  at  the  bottom  of  the  upper  part,  21.  Verbal  mt* 
cxiAs  the  organ  of  verbal  memory ;  it  may  be  noticed  from  it^  moiy. 
dcvelopcment  by  the  effect  it  produces  on  the  pofition  of  the 
ball  of  the  eye,  which  it  impels  forwards,  and  more  or  lefs 
out  of  the  orbit. 
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Perfons  provided  with  it  eafily  retain  words  by  heart.  Gait* 
While  young,  remarlced  this  l^cully  in  fcvctal  of  his  fchooU 
feilows,  who  excelled  merely  by  this  talent,  and  who  were 
dlDinguJIlicd  by  the  protuberance  of  (heir  eyes.  Tliis  was  the 
firft  obfervalion  which  afterwards  led  him  to  thefe  inveftiga- 
tions.  A  number  of  fubfequent  obfervationi  have  ellablithed 
the  trutii  of  its  exiftence  an>J  of  its  funflion. 

23.  Organ  oJ'Sen/cfor  Langurigm. 
aj.  Linsua(;es.  The  organ  at  ihe  exterior  and  upper  part  of  the  orbit,  is 
called  by  Gall,  the  organ  of  fenfe  for  languages,  its  pretence 
has  a  conliderable  infltience  upon  the  polition  of  the  ball  of 
the  eye ;  it  pulhes  it  downwards  and  toward;  the  nofe,  arid 
Micreafes  its  diilance  from  the  upper  edge  of  the  orbit ;  it 
never  exifts  in  animals,  in  whom  the  ball  of  the  eje  is  di- 
refled  more  towards  Ihe  esterior  fide  of  ihe  orbit. 

Diftingiiiflied  tatentK  for  the  language*  are  invariably  at- 
tended  by  its  dcvelopcment ;  it  it  eminent  in  great  philolo- 
gifts  ;  and  though  it  may  be  diflicalt  to  decide  from  external 
appearance^!,  refpecling  Its  exiftence,  we  have  neverihelefs 
temarked  thai  it  ntver  cfcapcd  ihc  penetrating  eye  of  Gall, 
and  that  he  wai  never  miftaken  in  this  point. 

Qi.  Organ  of  the  Meinorj/  qfPer/oru. 
The  funflion  of  the  organ  at  the  upper  internal  part  of  (he 
orbil,  has  not  yet  been  difcovered  by  Gall ;  nevcilheiefs  many 
obfervations  on  man  and  animals,  fuch  as  the  dog  and  tiie 
horfe,  induced  him  to  fuppofe  it  the  organ  of  recolleaion  of 
perfon*.  The  developement  of  it,  like  that  of  the  preceding, 
muft  influence  the  pofiljon  of  the  eye  ;  it  Ihould  contribute  to 
remove  it  from  the  upper  edge  of  ihi;  orbit,  and  to  pulh  it  to- 
wards  the  external  fide,  if  an  equal  developement  of  the  pre- 
ceding organ  do  not  counterlia lance  ils  aflion. 

25.  Organ  of  UlieraUly. 
,^  The  organ  of  liberality  is  fituated  in  the  anterior  part  of  the 
osfroHtU,  above  that  of  the  fcnfe  of  locality,  and  of  the  fenfe 
for  painting  (Nos.  \S  and  1 8),  and  befide  that  of  the  mu&cal 
fenfe  (No.  20);  its  extreme  developement  is  a  concomitant 
of  prodigality  ;  it  it  not  to  be  found  in  the  mifer ;  in  that  caXe, 
a  hollow  is  formed  in  this  part  of  the  oifrontu.  Gall  is  in 
polTefTion  of  numerous  examples. 

••  The 
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*'  The  proximity  of  the  organ  of  mudc,  and  that  of  the 
fenfe  for  painting  (Nos.  18  and  21)  appear  often  to  aliifl  the 
developement  of  that  of  liberality ;  this  is  perhaps  one  reafon 
why  we  fo  often  find  prodigality  among  men  of  eminent  abili« 
ties  in  thefe  fciences." 

We  conHanlly  obferve^  that  as  a  man  becomes  old^  he  be- 
comes covetous ;  thus  in  advanced  age  the  diminution  of  this 
organ  is  fo  remarkable,  that  its  place  is  frequently  occupied 
by  a  cavity  in  the  osfrontis,  which  is  fometimes  of  confider- 
able  (Ize. 

26.  Organ  qf  the  Power  qf  comparing  Things, 

The  organ  above  the  fenfe  of  things,  in  the  middle  of  tliea6«  Comparinf 
forehead,  is  deftined  to  a  faculty  which  Gall  calls  the  fpirit  ot**'  combining, 
comparifon  (judicium  comparatirum). 

It  forms  an  oblong  eminence,  and  is  found  in  men  who 
avail  themfelves  eafily  of  figures  and  images  in  converfation  ; 
who  are  not  at  a  lofs  for  expreffions ;  who  narrate  fiaently  ; 
and  poiTefs  great  eloquence. 

27.   Organ  of  Metaphj/fical  Talent, 

When  this  organ  is  more  developed  towards  the  fides,  foiy.  Meta^hy* 
as  to  form  a  round  prominence,  raifed  in  the  middle  of  the  ""• 
forehead,  it  is  the  index  of  metaphyfical  talent.  Among  the 
bods  of  ancient  philofophcrs,  that  of  Socrates  a6rords  the  mofl 
(Iriking  example ;  among  modern  philofophcrs  remarked  for 
Uiis. organ,  I  (hall  only  notice  Kant  as  one  of  the  moli  cele-> 
brated. 

Note,  "  I  recoiled  in  one  of  my  firil  fchool-fellows,  to 
whom  we  had  given  the  name  of  philofopher  on  account  of 
his  attachment  to  the  abHradl  fciences ;  that  .his  forehead  pre« 
fented  a  very  vifible  developement  of  this  organ.^' 

28.  Organ  qf  the  Talent  for  Obfervation. 

The  organ  of  the  talent  for  obfervation   fpreads  over  the  iS.  Obfenrat 
whole  of  the  anterior  part  of  the  osfrontis,  and  its  developc-^^*** 
ment  approaches  more  or  lefs  to  the  front  of  the  vertical  line. 
It  is  found  on  the  craniums  of  all  the  men  of  obfervation  in  all 
ages  ;  the  celebrated  phyfician  Frank  poffefles  it  in  an  eminent 
degree,  and  Gall  himfelf  is  very  evidently  fumifiied  with  it. 

29.  Organ 
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29.  Organ  qf  ike  Taknt  for  Satire. 

«9.  Sidie  md       The  organ  of  fiuire  and  ftcetioafneft  (wiiz  of  (be  Gennaaf, 

^nc  «pfl  jof  the  Englifli,  facetiae  of  the  Latinf )  cofrefpoiids  wHh 

the  firontal  protuberance.    Gall  prefervet  many  eumplei  of 

the  truth  of  this  opinion,  and  we  have  onifbrmly  foand  it 

true. 

30.  Orffmqf  Gooda^. 

)o.  Coodaeft.  Tint  organ  of  goodnefs  is  in  the  middle  of  the  forchoMl, 
above  that  of  comparifim  (No.  26.)  It  forms  that  oblong  ele- 
vation which  is  conftantly  found  in  the  portraits  of  thrift  and 
of  Mary,  painted  by  Raphael  and  Correggio,  and  oontnlmtet 
much  to  that  expreffion  of  mildneft  and  goodnefs  with  whicb 
we  are  delighted ;  it  is  always  feen  in  the  craniamt  of  men 
naturally  good,  and  is  wanting  in  thofe  of  the  mifchievoai  and 
vindidive  *. 

Among  animals  the  roe-buck,  the  hind,  the  pigeon,  &c« 
are  provided  with  it ;  on  the  contraiy,  animals  of  prey,  fuch 
as  the  eagle,  the  darling,  the  tiger,  the  fox,  &c.  are  withoot 
it ;  in  the  latter  cafe,  the  o$  frontii,  indead  of  being  round 
and  elevated,  is  deprelTed  and  hollow. 

31.  Organ  of  Mufic  or  ofTIieatrical  Talents 

31.  Theatrical       The  very  marked  enlargement  of  the  fummit  of  the  ot 
rcprefentatioo.  frontis,  is  owing  to  the  developement  of  the  organ  for  the  re- 
prefentation  of  thoughts  by  adiions,  the  organ  of  mufic,  or 
theatrical  talent. 

'*  Gall  has  collected  many  obfervations  to  prove  the  truth 
of  this  opinion,  nor  will  it  be  overlooked  inattentively,  con- 
fidering  the  heads  of  the  great  performers  at  the  different 
theatres  of  Paris." 

Note,  *'  We  think  we  have  alfo  obferved  that  this  organ  is 
particularly  developed  in  the  deaf  and  dumb;  and  we  attri- 
bute it  to  the  necellity  fuch  perfons  are  under  of  afling  conti- 
nually, an  exercife  which  nccefTarily  facilitates  its  advance* 
ment.'' 

*  We  are  not  here  fpeaking  of  that  goodnefs  which  is  the  refult 
of  moral  principles,  that  to  which  we  aliude  ezifts  as  inftinft^ 
without  being  the  produce  of  moral  refle6lions. 

32.  OrgaTK 
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32.  Organ  qf  Tlieofophy, 

The  organ  of  thcofophy  occupies  the  moft  elevated  part  of  3»«  Thwfophj, 
the  osfrontis. 

All  the  portraits  of  faints  which  have  been  preferved  from 
former  ages,  aflford  very  inftrudtive  examples,  and  if  thischa- 
radler  is  wanting  in  any  one  of  them,  it  will  certainly  be  def- 
titute  of  ex  predion. 

It  is  exceffivffy  developed  in  religious  fanatics,  and  in  men 
who  have  become  reclufe  through  fuperftition  and  religious 
notions. 

It  is  the  feat  of  this  organ,  which  according  to  Gall,  has 
determined  men  to  confider  their  gods  as  above  them  in  a  more 
elevated  part  of  the  heavens.  In  fa£t,  when  we  confider  this 
fubjedt  philofophically,  there  is  ho  more  reafon  for  fuppofing 
that  God  is  placed  above  the  world,  than  there  is  to  fuppofe 
him  below  it. 

33.  Organ  qf  Perfiverance, 

The  lad  of  the  organs  hitherto  difcovered  by  Gall,  is  that  33.  Perfeft* 
of  perfeverance,  of  conftancy,  of  character ;  it  is  fituated  in  '""* 
the  anterior  and  fuperior  part  of  the  parietals  in  the  middle  of 
the  head ;  when  it  is  in  excefs  it  caufes  obflinacy,  but  its  do^ 
fe6l  produces  incondancy. 

'*  With  regard  to  thofe  parts  of  the  (kull  in  which  Gall  has 
not  yet  difcovered  organs,  it  is  probable  that  his  future  invef- 
tigations  will  afford  him  the  means  of  fuccefs ;  on  this  fubjedl, 
the  work  which  he  is  about  to  publiOi,  will  give  us  more  am- 
ple details.  It  will  alfo  be  for  him  to  convince  us,  by  arguments 
perhaps  inconteflable,  of  the  truth  of  his  fyftem,  the  expofi- 
tion  of  which  cannot  be  very  fatisfadory  in  acurfory  putline.'' 

We  think  it  neceflfary  alfo  to  remark,  tliat  the  organs  here 
enumerated  are  not  didindtly  perceptible,  except  in  indivi- 
duals who  pofTefs  fome  faculty  in  an  eminent  degree,  and 
that  it  is  not  poflible  to  form  acorreft  judgment  of  a  moderate 
talent,  on  account  of  its  organ  being  confounded  among  thofe 
which  furround  it.  "  We  fee  no  reafoli,  philofophically 
fpeaking,  for  the  calumnies  whiqh  have  been  lately  thrown 
upon  the  fydem  of  Gall,  that  it  temlt  dire6Hy  to  ntaterialifin. 
When  we  admit  of  organs  of  the  a^ion  of  the  internal  facul- 
ties, the  immeafurable  fpace  between  mind  and  matter  will 

continue 
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OF  coHVEviKc  BOATS  OK  bAkcei  on  cakals, 
continue  ihe  fame.  Objefls  of  a  nature  fo  unlike,  are  in- 
capable  of  union.  On  the  other  hand,  the  will  of  man  con- 
tinues unimpaired  i  it  is  this  which  mnl)  counterbalance  (he 
operation  of  the  organs,  morality  ought  to  fubdue  the  paf- 
llons." 

BOJANTES,  M.D. 


VII. 

Method  tif  convening  Boats  or  Bnrgts  from  a  higher  la  a  lower 
Level,  and  the  contrary,  oti  Canali,  by  meana  of  a  Plunger, 
ittjlead  /•/  lafing  Hater  by  I^kt.  By  Law*on  Huddle- 
STON,  Ejq.  <tf  Shuftjbmy,  Dorfit,     Communicated  by  the  In- 

(ionof  Wherever  Ihete  is  occalton  lo  conve}- a  cominercial 
rniring|jpa|  „^  barge  ftom  a  higlier  canal  to  a  lower  (ufually  termed 
■'"^  a  higher  or  lower  line)  or  vice  terfi,  a  lock  mufl  be  conttrufled 
of  finnu  or  other  fit  matcriaU  in  the  fpace  between  tbe  higher 
ami  lower  canal,  fg  as  to  comaiunicate  at  the  ends  with  both 
vS  ihem.  The  dimenligns  of  ihc  luck  arc  to  be  as  follow  ;  its 
horizontal  fuperticiL's  or  area  DloulH  ctjrrcfpond  both  in  form 
and  lize  with  that  of  the  boat  ilfelf,  with  the  allowance  of 
futficicnt  room  only  for  llie  boat  to  rife  and  fink  freely  within 
it ;  and  its  depth  and  height  (bould  be  fuch  that  the  water 
within  it  msv  rife  with  a  loaded  boat  floating  therein  from  the 
level  of  the  litwer  to  ilial  of  the  higher  canal :  there  mail  alfo 
be  two  (luices  one  at  each  end  of  the  hick,  large  enough  (o 
admit  the  free  ingrefj  aikd  egrefs  of  the  boat,  one  of  which 
mult  be  accommodated  to  the  level  of  the  higher  canal,  (he 
other  lu  that  of  the  lower. 
t  on  one  On  one  fide  of  the  lock  there  mufl  be  a  refetvoir  of  equal 
" '«''.  height  with  that  of  the  lock,  the  form  ol  which  may  be  reSan- 
gular  or  not  {(hough  llm  lornncr  may  perliaps  be  the  more  con- 
venient) the  area  of  whii^h  fliould  be  equal  to,  or  rather  in 
pradice  fomewhat  exceeding,  (liat  of  the  lock.  In  this  cafe 
the  perpendicular  depth  of  (he  rcfervoir  fliould  be  equal  (o 
double  the  intended  rife  or  fall  of  the  velTel  within  the  lock, 
but  where  the  areas  of  the  lock  and  refurcoir  are  unequal  (hit 
proportion  varies  -,  ti^r  as  in  all  cafes  the  quantity  of  water  (o 
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be  difplaced  oul  of  ihe  refervoir  into  the  lock  mull  be  equal 
in  cubical  content  to  that  of  the  fpace  within  the  locL  between 
the  furface  of  Ihe  lower  line  and  lha.t  of  the  upper,  it  follows 
that  if  the  area  of  the  refervoir  be  greater  than  that  of  the 
lock  the  necelTary  depth  o)  the  water  to  be  difplaced  wilt  be 
fo  much  Ihe  lefs  than  in  the  cafe  before  Hated  ;  and  e  contra  %i 
the  area  of  the  refervoir  be  lefs  tiiaii  that  of  the  lock  ihe  ne- 
cclfary  depth  of  the  water  to  lie  difplaced  mull  be  fo  much 
the  grL';iter :  lu  tiiat  whether  this  proportional  quantity  of 
watc(  is  to  be  obtained  by  Ihe  greater  dcptli  or  ihe  greater 
area  of  tlie  refervoir,  is  a  point  lor  the  coufideralion  of  the 
artift. 

There  mail  be  a  communication  fomewhere  neat  the  bottom  »n 
Lelweeu   the  lock  and  refervoir,  that  the  water  in  each  may"""**'     '  ' 
be  always  on  a  level ;  which  level  may  by  means  of  the  lower  ^^ 

Huice  always  correfpond  with  that  of  the  water  in  the  low«  ^^H 

canal,  except  during  the  actual  operation  of  railing  or  finking  ^^H 

a  boat  within  Ihe  lock.  ^^| 

To  Ihe  inlide  of  the  refervoir  raufl  be  fitted  a  "  folid  body '"  *l>Jth  ■ 
or  plunger,  in  fpecific  gravity  fomewhat  exceeding  '*aler,  ^j^^^J^^J 
siiil  of  fucfi  «  bulk,  and  Ibrm  as  will  cxa3ly  fill  the  whole  ol  preiTcd. 
the  refervoir,  allowing  only  fufiicieiit  room  for  the  plunger  lo 
move  freely  up  and  down  iherein. 

Let   us  now  fuppofe  the  refervoir  to  be  ISfcetdeep,  and  Method  ef  ope- 
by  means  of  Ihe  communication  with  the  lower  canal  lobe"' 
precifely  ha\f  full  of  water.     Lei  us  alfo  fuppofe  the  plunger ^heb^.tflft..!; 
lo   be   fo   fufpcnded  by  machinery   as  to  be  movable  up  and '''"^"""'r' 
down  within  the  refervoir,  and  to  be  barely  above  the  furface 
of  the  water,  when  it,  [the  plungex]  is  at  lU  greatell  height. 
Ax\A  now  let  us  fuppole  that  a  boat  or  barge  is  floated  through 
the  lower  lluice  into  the  lock. 

as  well  as  the  upper  one  (which  was  all  along  liippofed  to  be 
fo)  the  plunger  is  let  down  lo  the  bottom  of  the  refervoir :  by 
Ibis  operation  though  Ihe  plunger  be  not  in  aftual  contact  with 
the  fides  of  the  refervoir,  mutli  lefs  what  i'  called  Kotcr'tiglit, 
(a  necelTary  circumltaiice  in  the  cafe  of  brcing-pump!!,  pif- 
tons,  &c.)  the  water  in  Ihe  refervoir  will  be  forced  into  the 
lock,  and  thereby  raife  the  boat  or  barge  as  much  as  ilie 
plunger  finks,  viz.  S  feet:  in  which,  fituation  the  v 

•  At  leift  fo  far  folid 
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lock  being  now  on  a  level  wilh  Ihal  in  the  tipper  canal,  l^« 
upper  (luice  may  be  raifed.  ami  ihe  boat  floaled  out.  The 
plunger  being  fiill  dov;n,  if  a  boat  be  floaled  into  the  lock  from 
the  upper  canal,  let  the  upper  fluice  be  Qml  and  the  plutiger 
be  raifed,  and  ihe  bout  will  in  like  manner  liefcend  in  the 
lock  to  a  level  with  ihe  lower  canal. 

It  is  obvious  that  the  principle  of  ihi*  invention  it 
founded  on  tliis  law  in  liydrofialics,  viz.  thai  two  columns  of 
water  however  dilfercnl  in  lateral  dinienfions,  will,  if  there 
be  a  cominnnicalion  between  lliero,  always  maintain  one  and 
the  fame  level. 

The  plunger  l?  Io  be  counterpoifed  by  a  weight  aflinf;  on  a 
fpiral  curve  (on  the  fame  fliatt  wilh  the  wheels  or  mechanifm 
that  raife  the  plunger]  in  order  lo  accommodate  the  action  of 
the  counterpoife  lo  ihe  detreiifiiig  weight  of  the  plunger  as  it 
defcends  into  the  refervoir ;  fo  that  being  coanterpoifid  it  majr 
be  eafily  raifed  or  funk  by  means  of  the  mechanical  apparatus 
ufually  employed  for  fu-cb  purpofes,  pofilbly  indeed  this  move- 
ment may  alfo  be  ctTeCied  by  means  of  a  Irre'engine,  but  the 
txpaiimcy  of  fuch  means  is  not  meant  lo  be  fuggefted. 

In  theory  Ihe  wall  or  partilioii  common  lo  both  the  lodt 
and  refervoir  may  not  be  neceirary,  however  ufeful  it  may  be 
in  praftice. 

Should  occafion  require  it,  the  refervoir  may  be  placed  at 
any  given  diftance  from  the  lock,  provided  there  be  &  com. 
municalion  between  ihem,  at  or  near  the  bottom. 

Without  fuggefting  any  precife  limilalion  (which  can  be 
learned  only  from  experience)  the  projeflor  conceives  that 
locks  on  this  conftruflion  are  better  adapted  to  low  or  mode- 
rate lifis'ihan  to  high  ones ;  boats  alfu  of  a  moderate  lize  (as 
recommended  by  Dr.  Andcrfon  and  Mr.  Fulton)  and  fo  con- 
llniSed  as  to  exceed  r^iher  in  depth  than  in  length  or  breadtb, 
feem  bell  adapted  to  (lie  fclieme  now  propofed. 

On  acomparifon  then  between  this  lock  and  olhersof  alale 
invention,  it  is  prefomed  that  wherever  it  may  be  expedient 
to  ufe  it,  it  will  be  attended  with  the  following  mater iat  ad- 
vantages. 

m.  The  only  machinery  oecefiary  (the  two  Unices  ex- 
cepted) in  this  lock,  is  for  the  purpofe  of  raifing  and  (iDking 
the  plunger  or  plungers. 

2d.  WhiW 
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2d.  Whilft  die  machinery  in  other  contrivances  above  al-  no:  liable  to 
Juded  to,  is  either  wholly  or  in  part  liable  to  injury  from  water,  '^^^.  ^""^ 
the  machinery  in  this  (the  two  lluices  as  before  excepted]  is 
wholly  exempt  Irom  this  diradvantagc, 

3d.  Whilft  caifloons,  coirers,  &ic.  require  not  only  ihe  open-  nor  rcquitinj 
ing  of  one  or  mure  fluices,  but  alio  a  previous  litting  or  ad- ''"''  fi^'ogf. 
jufting  of  iheir  ends  lo  the  mouth  of  tlie  canal  to  prevent  Ihe 
lofs  of  water,  before  the  boat  can  enter  the  lock  ;  according 
to  this  plan,  on  the  opening  of  a  fiiigle  (luice  the  boat  floats 
at  once  into  (he  Lock  without  lofs  of  walet,  and  without  any  No  loti gf  ■ruej'. 
fuch  delay  or  difficulty  :  when  I  iity  without  iofa  of  water,  it 
mull  be  underftood  with  this  allowance,  that  if  a  boat  goes 
down  laden,  and  returns  (or  another  goes  up)  unladen,  the 
upper  level  gains  a  body  of  water  equal  lo  the  weight  of  the 
cargo,  e  contra  the  lower  canal  gains  fimilarly  if  a  boat  goes 
down  unladen  and  returns  laden. 

4-lh.  If  the  water  in  the  upper  canal  al  any  time  be  ever  fo  "  "Wer  be 
abundant,  no  boot  can  pafs  tlirough  the  former  locks  but  l,u ''""^.'^''  '•'= 

*^  ^  -*  macbmery  acta 

vxn-ki'ig  Ihe  madiinery ;   whereas  according  lo  Ihis  plan  ihemn-not  be  ufcd, 
chinery   mai/  be  at  refi,  and   the  boats  pafi  on  as  through  the 
cammon  gate  locks  whenevci  the  upper  canal  can  afl'crd  the 
neceflary  expeiice  of  waler. 

Laflly,  If  at  any  lime  the  machinery  of  any  one  lock  of'nd  theref«e 
the  former  kind  (out  of  the  many  thai  may  be  necelfary  tn  a  '"'  "'"g^'ion 
given  length  of  canal)  ftiould  happen  lo  be  dilordered,  the  pided  by  tny 
■xlatie  navigation  U  at  a  ftand,  whereas  in  a  lock  of  this  c mi- """"'■''  ''''" 
flruftion  in  cafe  of  fuch  an  accident,  the  boats  may  ftill  pafi 
and  repafs  as  through  a  common  gate  Itik. 

Lcl  us  fuppofe  a  boat  (or  barge]  to  be  20  feet  long,  and  fix  Pmlculif  Din- 
feet  wide,  and  to  draw  three  feet  water.     The  folid  content  "'"">'' ""ioitn. 
will  be  3f>0  cubic  leei,  each  of  which  weighing  about  62        ' 
pounds,   the  burthen  will  be  nearly  lOlons. 

Is  it  propofed  lo  raife  (or  link]  this  boat  eight  feet,  by  means 
of  a  plunger  of  ecjual  area  or  horizontal  fupcrficies  with  that 
of  the  boat. 

The  defcent  of  the  plunger  mull  in  this  cafe  be  equal  to  the 
afcent  of  the  boat,  vtz.  eight  feet,  and  the  height  of  the 
plunger  muft  (as  In  oU  cafes]  be  eqaal  to  the  fum  of  both,  viz. 
16  feet;  the  folid  content  of  the  plunger  therefore  will  be 
1,920  cubic  feet,  antoualing  in  weight  to  nearly  i%  tons. 

Let 
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Let  us  now  fuppofe  ihat  two  fuch  plungers  are  joined  <Oge-  I 
ther  laterally,  fo  as  lo  iorm  a  new  plunger,  of  il>e  fame  height,  ] 
but  of  twice  llie  area  and  weight  of  the  former.     It  is  plain 
that  this  new  plunger  (moving  in  a  tefervolr  adapted  to  iu 
diroenfions)  will  by  delcendlng  lour  leel,  raife  the  boat  in  (he   I 
lock  a9  much  as  the  other  by  defcending  eight  feet,  viz.  eight  ' 
feet: — and  the  momeiiia  (confining  ot  weight  multiplied  by 
velocity)  of  both   thefe  plungers  will  be  equal,  becaufe  Ihe    ' 
produfl  of  53  [Ions]  multiplied  by  eight  [the  velocity]  equali    . 
the  produfl  of  106  [Ions]  multiplied  by  four  [the  velocity]    ] 
each  amounting  (o  424-. 

But  it  will  be  found  that,  as  in  all  cafes  (he  height  of  (he    | 
plunger  is  equal  to  (he  Turn  of  its  own  defcent  added  to  that    I 
of  Ihe  boat's  afccnt,  the  height  of  thii  nevr  plunger,  inllead    I 
of  amounting  to  lefeet,  will  only  amount  to  12  :  its  weight    i 
therefore  will  be  only  T9{  tone,  and  its  momentum  313  :  it 
will  therefore  require. fo  much  the  le(s  time  or  labour  to  work 
it,  in  Ihe  ratio  of  3 1  a  to  424,  or  three  to  four.     Qu.  Would 
not  this  objeS ion  arifing  from  the  ncceiTily  of  having  ftronger 
machinery  to  fupport  this  tatter  plunger,  be  counterbalanced 
by  Ihe  advantage  of  ngrking  it  with  fo  great  a  faving  of  labour 

Should  it  be  apprehended  that,  notwlthfianding  the  /omng 
effeS  of  the  plunger,  the  water  in  the  refervoir  may  gradually 
depofit  fuch  a  quantity  of  fediment  at  the  bottom  as  to  obflrud 
Ihe  defcent  of  the  plunger,  it  is  obviouFi,  that  there  may  be  a 
depending  diain  under  the  refervoir  lo  be  opened  occaiionally, 
or  the  bottom  of  the  refervoir  itfelf  may  be  fo  much  below  tlie 
lowell  point  of  the  plunger'i  defcent,  as  to  render  the  deanling 
Jl  very  feldom  necelTar^  ". 

It  remains  lo  be  obferved,  that  as  every  canal  ought  to  be 
fo  well  provided  with  water  as  lo  allow  of foine  walle  (though 
not  enough  perhaps  to  fupply  the  lufs  of  a  lock-fall  with  every 
boat  that  paifes)  the  machinery  of  the  lock  may  be  worked 
thereby,  without  the  iwechanica!  aid  commonly  employed  for 
fuch  purpofes ;  for  if  the  plunger  preponderates  over  the  le- 
filling  medium,  and  counterpmfe  barely  enough  to  overcome 


•  Thf  impetui  with  which  the  water  could  rulli  out  of  the  refcr- 
voir  into  the  lock,  by  the  afllon  of  (he  plunger,  could  probably 
"*''■       '  '    -        -  any  fcdimeDt,  except  ftones  or  gijvel. 
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tiie  friaion  of  Ihe  axis,  &c.  it  will  at  all  times  <lercend  Jlowly 
within  the  lefervoir,  and  mife  llie  boat,  when  leil  at  liberty 
To  Id  do ;  and  if  in(l(;ad  of  being  allowed  to  defccnd  llie  whole 
eight  feel  reijuircd,  it  be  flupt  after  having  dcfcended  feveii 
feel,  tlie  adniiliion  of  one  toot  depth  of  water  from  the  upper 
line  into  the  luck,  may  be  fufficiunt  to  raifi;  the  plunger  again 
with  Ihe  loh  of  only  J-ih  part  of  a  lodc-fBll  of  water. 

Plate  XII.  Fig.  1.    Exhibits  a  perfpeflive  view  of  a  model  vit 
of  the  apparatus  above  defgnbed,  having  part  of  the  front *Pf"*""* 
taken  away  in  order  to  fl>ew  the  interior  paru. 

A.  Keprefcnts  the  upper  Uuice  uf  the  luck, 

B.  The  lower  fluicc. 

C.  The  plunger. 

D.  The  fiiail  upon  which  the  weight  or  chain  is  wound  that 
carries  the  counierpoilc. 


vur. 

An  cofy  Method  of  Churmng  Bulter.  By  Cit.  Jumilhac. 
PrtfidtiU  qf  the  Society  if  Agrictitture,  if  the  Seine  and  the 
Oife*. 

A  O  increafe  the  powers  of  man,  is  one  of  llie  attributes  of 
mechanics,  but  in  order  that  a  mechanical  contrivance  may  be 
truly  ufcfulj  it  is  requiliie  that  it  it  Ihould  be  limple  and  cheap. 
That  which  1  now  oiler  to  the  fociety,  appears  to  me  to  unite 
thefe  two  advantages. 

It  is  univerfally  known,  that  in  great  heats  and  extremely 
cold  weather  it  Is  difficult  to  churn  butler.  The  labour  of 
feveral  perfons  fuccenively,  ia  often  applied  without  auy 
fuccefs,  to  procure  the  perfefl  coaguialioti  of  the  cream. 
In  vain  during  the  rigour  of  winter,  ihe  cream  is  placed  by 
the  (ire,  or  mixed  with  milk  quite  frelh  and  yet  warm  ;  and  it 
is  with  as  little  fuccefs,  that  in  fummer  the  chum  Half  is  occa- 
li(uially  inimcifed  in  cold  water.  All  thefe  means  tiiough  of 
value,  are  infufiicient  if  not  feconded  by  celerity  of  motion  in 
tlie  aQ.  of  churning. 

Surprifed  at  the  tlownufs  with  which  butter  i;  formed,  efpe- 

cially  in  winter,  and  after  having  continued  the  operation  fur 
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five  liours  and  a  balf,  I  thouglu  I  Taw  that  tl)e  iHfTicuIly  arofe 
from  the  aukwardnefs  and  coiiliraint  of  the  arm  that  holds  ihe 
chnni  fiaff;  both  which  are  increafed  in  proportion  as  the 
cream  becomes  thicker,  as  ii  is  tiicn  ncceiiaiy  to  make  a  greater 
exertion  to  raife  and  deprefs  the  chum  flalT.  This  obfetvatioti 
is  fo  true,  ihat  a  perfoii  who  has  churned  butter  for  balf  an 
hour  at  the  beginning,  nitlioul  experiencing  any  fatigue,  can- 
not  perform  the  fame  work  tot  (he  fpace  of  ten  minutes  atiei 
the  cream  has  become  thick  and  offers  more  refiftance. 

Convinced  tiiat  every  interruption,  or  even  diminution  of 
fpeeU,  arc  highly  injurious  <o  the  butyraceoua  cosgulation,  I 
thought  thai,  without  ahering  either  the  churn  or  chum  nafT, 
1  could  adopt  a  rai-ihod  which  is  already  ufed  in  feveral  other 
operations.  Some  members  of  the  focicty  think  they  have  al- 
ready feen  this  application  to  the  churn  Haff,  but  not  finding 
it  mentioned  in  any  borik,  I  have  prcfumed,  lhat  the  fociety 
will  not  object  to  make  il  fuRidcnlly  public,  in  order  that  it 
may  be  adopted  in  all  dairies.  ^ 

Nothing  more  is  required  than  to  fix  to  one  of  the  beams  of 
the  ceiling,  a  pole  tiiree  yards  long,  fupported  at  the  dlflance 
of  two  feel  by  a  crofs  piece,  and  itfelf  faflcned  at  the  end  by 
two  blocks  or  cleats  nailed  to  the  timbers.  This  pole  maybe 
about  three  inches  or  more  in  diameter  at  the  upper  part,  and 
balf  lhat  thicknefs  at  (he  lower  or  moveable  end.  At  the  end 
of  the  pole  is  lied  a  ftrong  cord,  which  is  palTed  through  a 
hole  made  near  the  top  of  the  churn  llaH',  which  is  fo  faHened 
and  placed,  that  it  continues  fufpended  in  the  middle  of  the 
churn. 

,Wheo  the  churn  fiaflf  thus  fitted  up  is  prelTed  downward,  it 
enter*  eafily  into  the  crcaci ;  but  the  pole  afling  as  a  lever  by 
its  clafticity,  taifes  it  immediately;  this  eafcs  the  anus,  for 
the  moment  of  tlie  greatell  esurlion  is  when  you  are  obliged 
fo  raife  them  as  high  as  the  forehead  to  difeiigage  llie  chum 
Raff,  and  immediately  force  it  down  iigain. 

Even  if  this  method  contributed  only  to  diminilh  (he  prin- 
cipal part  of  the  aukwardncl-!  and  conllraini,  it  would  be  « 
great  advantage:  but  I  (hould  think  this  but  trilling  and  in- 
compleat  if  the  contratlicn  oi  tlie  arm  were  not  remedied. 
After  having  confidered  what  ppwers  are  jointly  employed  to 
produce  the  eflefl,  I  concluded  that  the  poClion  of  the  arm 
ought  not  to  be  neglefled  during  this  long  operation ;  and 
fecking 
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feeking  by  (rials  for  the  leafl  painful,  I  determined  in  favour 
of  that  in  which  the  fore  arm  n  employed  in  the  wliole  rao- 

J  theterore  perforated  the  handle  of  the  chum  flaff  about 
twelve  Indies  below  [he  hole  through  which  the  cord  palTea 
thai  fufpeiids  it  to  the  pole,  and  I  there  laflcned  two  fmall 
handles  ut'  wood  of  about  two  centimelres  each,  which  are 
/aliened  together  by  aii  iron  pin;  fo  that  the  handle  of  the 
cliurn  llatr  refembles  a  crofs.  Tlie  perfon  who  chums  places 
his  hands  on  the  two  handles,  and  by  a  limple  prelTure,  which 
is  fo  light,  that  two  fingers  are  fuflicient  to  force  the  chutn 
ilafT  to  the  bottom  of  the  churn,  he  may  churn  tor  two  hours 
without  experiencing  any  real  fatigue.  For  the  motion  of  the 
elevation  which  alone  demands  the  greateA  exertion,  is  per- 
formed  by  the  lever  of  the  pole. 

1  made  ufe  of  aldu  wood  for  the  pole,  as  one  of  the  moA 
daflic  and  lead  likely  lo  warp. 

We  fee  from  this  defcriplion, 

1,  How  little  it  cofl'i  to  etlablilh  the  mechanical  help,  whicb 
only  conlifls  in  a  pule  of  alder  wood  of  three  yards  long,  and 
two  fmall  wooden  handles  adapted  Lo  the  churn  ItafT. 

2.  How  greatly  it  aOifls  aud  increafcs  the  power  of  the 
perfon  who  churns,  by  obviating  the  moil  painful  movement, 
by  placing  the  hands  naturally,  (o  as  to  require  the  motion  of 
the  fore  arm  only,  which  is  evidently  the  leall  tiitiguing. 

1  am  convinced  by  tlie  refuli  of  confiant  practice,  that  one 
third  of  ttie  time  is  faved  which  is  ufually  employed  in  making 
butler. 


IX.  ^H 

Drfcription  (/  a  Machine  for  roofing  up  (he  Stumps  (>f  Trees. 
By  CiT.  Saint  Victor,  Maitber  of  the  Society  qfJgi'ictU' 
lure,  fur  the  DepaHmna  qf  the  Seine*. 

JCjVEKY  cultivator  is  well  aware  h<}W  detrimental  the  flumps  IncanTentcacia 
of  trees  are  which  remain  in  the  ground,  which  tnllead  of"""*'"*  *''*l     i 
being  rooted  up  at  the  time  they  were  cut  down,  have  been^^^j^jjj  ^- 
fawcd  ofl'  ciofe  to  the  flump,  to  fave  the  expcncc  of  digging  trunl^ 
them  out  of  the  eaith. 

*  Sibliothequ«  Fhyf.  Occoaomiqui,  At  Sotirni,  No,  1. 
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In  an  edate  in  Savoy,  I  wai  fubjefled  lo  ihefe  inceBve- 
nienccs,  from  the  ai-arice  of  Ihe  proprietor  who  liad  felled  a 
great  number  of  large  tree?,  and  fawed  them  off"  riofe  to  the 
roots,  ihefc  were  oaks,  walnut?,  and  chcfnuts,  v\liich  grew 
ill  the  meadowi  and  ploughed  grounds,  and  he  difpofcd  of 
ihem  ai  timber  in  plants  and  tire  wood,  without  taking  any 
care  lo  have  them  rooted  up  at  Ihe  fami:  lime,  which  would 
have  been  then  more  eafy,  by  the  common  praflicc  of  uCog 
the  Uunk  as  a  lever. 
]W  When  1  came  into  pnlTefSou  of  this  ellatc,  1  foiefaw  that  I 
could  by  no  means  avoid  routing  up  a  great  number  of  Humps 
that  were  very  injurious  to  every  kind  of  cullivalion  ;  and  Lo 
avoid  the  long,  Irniiblerome,  and  eicpcnfive  labour  of  digging 
great  Irenchesj  which  ate  uliially  required  to  be  made,  in 
order  to  bring  up  the  fort  of  roots,  !  thought  I  migUt  eni- 
pby  the  forte  of  .gunpowder.  This  itlteinpL  peifeftly  fuc- 
ceeded,  by  means  of  it  liille  machine  ol  iron  I  had  forged,  of 
which  I  here  join  a  plan,  feftion,  and  perfpcclive  view,  whtcb 
(hews  the  manner  of  placing  it  beneath  thcflurap*. 

Dcjhriplion  qf  Ike  Machine. 
It  confifts  of  a  bar  of  forged  iron,  about  two  feeJI 
-    inches  long,  one  inch  thick  towards  the  handle,  and  of  two 
inches  towards  the  breech  or  platform. 

The  platform  which  is  circular,  is  14  inches  in  diameter. 
This  platform  ferves  as  the  bafe  of  the  chamber,  or  furoacc 
'  of  the  mine,  which  is  three  inches  in  diameter,  and  three  inches 
eight  lines  in  the  length  of  its  bore, 

*  The  vtt  of  this  ingeniou)  machine  ought  not  to  be  eonluud 
merely  to  the  ftump*  of  trees  in  otir  fields.  LiccntioufDcri  and 
avarice  within  the  laft  five  years,  have  deprived  our  country  of  a 
quantity  of  woods  and  ihickett,  and  degraded  by  immenfc  fellings, 
our  nohlsft  forefts,  the  incalculable  fautce  of  riches  fur  the  pr^rent, 
and  hope  for  future  time.  Whether  ihefe  fpaces  thus  impovcriOied 
be  converted  into  arable  ground  or  pifture,  or  wheiher  the  impeti- 
«Ui  necelllt;  or  claim*  of  pofterily  Ihould  require  thai  they  fhould 
again  be  planted  with  trees,  the  invention  of  Cit.  Saint  Vi£lor,  wit)  ' 
be  a  molt  uleful  application  to  eradicate  from  thcgroundtbore  roots  I 
which  would  deprive  us  of  a  part  of  its  produft. 

tiatt  of  Ibe  tiiar. 

Th< 
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The  (lopper  or  lampion  which  forves  as  a  plug  lo  the  mine, 
is  of  (he  fame  diameter,  to  enter  witliin  after  a  flight  paper  or 
wadding.  It  is  allachej  by  a  chain  to  the  gun  or  mortar, 
which  lall  is  eight  inches  in  (iiameter. 

About  two  inches  above  is  added  a  fmall  touch  hole  and 
pan.  The  hole  is  direfled  in  an  angle  of  45  degrees,  aud  is 
primed  with  powdtt  to  communicate  witli  the  charge  witli 
which  the  chamber  is  tilled  up  to  the  Dupper. 

This  engine  may  be  caft  even  with  more  facility  in  brafs  or 
hronze.  and  in  this  cafe,  it  muft  be  a  little  thicker  in  all  iu 
dimeniions,  in  order  lo  afford  a  refiflance  equal  to  that  of  the 
forged  iron. 

UfififllicMachiie. 

When  the  machine  is  charged  vvilh  powder,  a  fmall  eifcavB'  Applici 
(Ion  is  made  with  a  pick  axe,  in  the  center  of  the  flump.    The  ^  ""'  ^ 
machine  is  then  placed  in  it,  fo  ibat  the  plug  tmmedialelycqbcbt 
loaches  the  wood.     Care  mull  be  taken  to  fill  all  ihc  vacan- 
cies, either  with  Hones,  or  pieces  of  iron,  or  wood,  more 
efpecially  beneath  the  platform  of  llie  machine,  in  order  that 
(he  explulion   of  ihe  powder  may  Jiave  its  full  efteft  on  the 
fl[imp,  uf  which  if  niiceilary,  the  principal  rooti  ftieuld  firft 
be  cut,  if  any  appear  on  the  furfate  of  the  ground  near  the 
flump,  that  is  lo  be  eradicated. 

When  the  machine  is  firmly  fixed  in  its  place,  the  priming 
is  put  into  the  pan,  a  (low  match  applied,  the  length  of  which 
IB  fufiicient  to  allow  time  lo  retire  to  a  proper  dillance  from 
the  explolion. 

By  infpeflion  of  the  plan  and  feflion,  every  one  will  per- 
ceive the  utility  of  this  fimple  machine,  and  it  may  ealily  be 
made  by  any  intelligent  fmilh. 

A.  Plate   Xlll.   Fig.  I.   Plan  of  the  machine  of  about  two  Dcllne 
feel  three  inches  loHg-  '' 

B.  Plan  of  tlie  machine,  10  inches  high,  comprehending 
the  plug, 

a.  The  plug  with  its  cap  faflened  to  Ihe  chain. 

b.  The  chamber  for  the  powder. 
C  The  touch  hole. 

The  middle  figure  reprefents  Ihe  machine  placed  under  the 
flump  of  a  tree  "■ 

*  Mr.  Knight,  ironmonger,  of  Pofter  Lane,  hai  contrived  a 
fimpIe  appnratut  for  fplitling  bl«kt  of  wood  with  gunpowder,  of 
yfhich  the  dcfcriftioo  will  be  given  in  our  ncKt. — N. 


HiTBon  or  lECKtT  wRirnta. 
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Method  of  Secret  Writing,  hy  meant  fjf  a  Steganograpltic  Sciile. 
iTj,  J.  B.  Berarb  •. 

±\.N  infinite  variety  of  metiiods  of  flegatingraphy  or  inde- 
cipherable wriling  has  been  devifed ;  of  iliefcj  forac  are  de- 
le£live  in  iheorj',  and  others  inconvenient  in  pra3ice.     It  is 

not  my  inlenlion  to  dircuf*  ibe  advantages  or  inconveniences 
of  all  Ihol'e  whicb  are  known,  it  would  lead  me  too  far.  i 
Oiall  therefore  confine  myfelf  (o  noticing  a  ft^w  of  the  principal 

Alphabets  of  convention  afford  but  little  fecurity  ;  the  cba- 
raflers  wliich  peil'orm  tiie  functions  of  vowels  and  confonants 
recur  in  fuch  Glualioiis,  as  to  maice  ibeir  u<e  very  apparent ; 
and  it  is  afcertained,  timt  by  patience  and  a  Little  fkill  the  fecKt 
if  eafily  difcovured. 

The  fympaihi'tic  inks,  feven  in  number,  are  not  more  fafe, 
becaule  after  feveral  tiials,  that  re-agunt  which  renders  the 
mtt Dig  legible,  is  ai  lengtli  difcovercd. 

Thofe  methods  which  depend  on  folding  the  paper  in  a  par- 
ticular manner,  as  wa-  pradifed  by  the  Spartans,  are  inconve- 
nient, and  afford  but  little  defence  againft  curioOty. 

The  method  of  fCircher,  though  fulTicienlly  certain  in  its 
principle,  is  of  little  value  in  praflice;  beGdes  whrdi,  it*  per- 
formance is  both  tedious  and  inconvenient:  a  point  wrong 
placed  or  omitted,  h  fulTicienl  to  render  the  fecret  unintelligible 
to  the  correfpondent. 
e-  In  the  fixih  wjtnh'Jt  of  the  Journal  de  V  EcoJe  Pob/teekni^ut, 
p.  382.  is  a  table,  in  which  Cit.  Hairenfratz  has  claffed  all 
the  modes  of  correfpon  deuce,  whether  by  writing  or  Other- 
wife.  That  which  1  ha.ve  dcvifcd,  is  as  follows;  it  will  per- 
haps be  found  lo  poQlfs  the  double  merit  of  fimplidly  agd 
fecurily  +. 

T^e 

•  Mthnges  Phylico-Mithfrnatiqur. 

+  Thii  method  has  been  made  ufr  of  for  the  prifalc  coTnf|>on- 
itece  cf  Cit.  Forfait,  rain  iAer  nf  the  marine,  and  the  coloniei,  and 
preridint  of  the  tyccuni  of  arts.  There  is  no  inconvenience  in 
■aentianing  the  faflj  for  the  advantage  of  u  good  method  coofifi* 
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Take  a  rule  of  pafieboard,  wood,  ivory,  or  copper,  about  Htw  method  by 
one  inch  broad  and  feven  inches  long,  divide  its  edge  into  30  „5,i(,n_ 
equal  parti,  and  between  the  divilions  write  the  lirO  thirty 
natural  numbers,  from  1  to  SOinclufive,  in  any  arbitrary  order. 
The  following  is  the  manner  of  uling  this  rule. 

OperatioHfor  tvriiing.    Firft  moke  a  micuie  or  outline  of  the  The  proetft. 
fecret  you  wi(h  to  fendj  then  place  the  rule  or  flegaiiographic 
fcate  on  the  paper  intended  for  the  fecret,  and  mark  Ihc  two 
ends  of  the  rule  by  two  fmail  lines  of  ink,  the  reafon  of  which 
will  be  feen  below. 

This  being  done,  tranfcribe  the  firfl  thirty  letters  of  the  mi- 
nute, writing  the  Rtd  letter  oppofile  to  the  Ji)^ure  1,  on  the 
rule,  the  fccond  oppofitc  lo  the  figure  2,  ihe  third  oppofile  to 
the  figure  3,  and  fo  on  to  the  end. 

Bring  down  the  rule  and  tranlcribe  in  a  Gniilar  manner, 
oppofile  to  the  figures,  the  next  thirty  letters  of  ihe  fecret, 
(flat  is  to  fay,  from  tlie  Ihirly-lirn  lo  the  Gxtietli  inclufive. 

Continue  thus  iranfcribing  in  new  lines,  each  confifling  of 
tliirty  letters,  until  the  whole  fecret  is  written. 

The  punftualion  muft  be  carefully  inferted  to  the  right  of 
(hut  letter  which  is  on  its  lefl  in  the  minute,  and  a  mark  like 
this  -f-  mull  be  placed  above  the  lal)  leMer  of  each  word,  to 
dillinguifh  it  from  that  which  follows,  and  thus  render  the 
reading  eafy  to  Ihe  correfpondent. 

Operation  aflhc  correjpondent.     The  correfpondent  who  re-  To  decipher, 
ceives  Ihe  fecret  with  the  Iciicrs  thus  mifplaccd,  will  be  able 
to  tranfcribe  it,  and  replace  the  leLlcrs  in  their  proper  order, 
by  inverfing  the  preceding  operation. 

For  this  purpofe,  he  muff  be  provided  with  a  rule  fimilar  to 
that  made  ufe  of  for  deranging  the  leliert  of  ihe  lecrei.  He 
will  place  it  on  the  firfi  line,  fo  that  the  letters  correfpond 
with  the  figures  on  ihe  rule.  This  will  beeafily  actomplithed 
by  means  of  the  two  lines  of  ink  which  mark  the  ends  of  iho 
rule.  ^^_ 

It  will  then  be  eafy  for  him  to  lianfcribc  the  letters  of  the  ^^H 

fecret  in  their  proper  order,  beginning  with  that  oppoQle  to  ^^H 

in  ils  capability  of  being  employed  by  all  the  world,  without  dimi- 
nilhing  lit  fccrecy  for  each  individual )  it  will  be  fccn  that,  in  this 
plan,  ic  i*  the  f«crtt  ot  the  leriea  agreed  on,  and  not  that  of  ihc 
method,  which  renders  the  correfpondeuce  fafc. 


l*nfv 


HILTHOD    or   aECRIST   WBIIINC. 

(igtire  ],  nexl  ihat  oppofite  to  figure  2,  and  fo  on  to  iblfty 
he  Will  then  bring  down  Ihc  rule,  and  proceed  in  the  fame 
manner  wjili  liie  fuccecding  lines. 

Eiamjile.     Suppofe  llijs  to  be  Ihc  fecrel  to  be  TeDl. 
L'e/cadre  mettrn  i  la  voile  au  premier  vent /acorabte !  tWc/i 
rendra  d  Toulon,  ouje  lui  entemti  den  ordra  ulterieun. 

Suppofe  the  feries  of  the  frale  emptofed  fliould  be  thi«, 
2.  4.6.8.  10.  12.  I*.  16.  18.20.  22.  21.26.  28.  30.  1.3.5.7. 
9.  11.  13.  li.  i7.  19.21.23.25.27.29. 
The  anagrammalic  u-riting  or  tianrpofition  of  the  fecrel, 
will  be; 

+  +  +  + 

Iv    i    e    u    r    meL'i    a    r    mtra   a    ol    ape    il 
+  +  +  +  + 

IceedaTiiretaoalel     srnraol 
+  +  +  +  + 


+ 

i    t  a 

+ 

be; 


d    e 


I    T 


Ob/en 


I  ( 


nd  they  nc 
I'll  I  roore  tiki 
a  together. 


1.  If  we  willi  to  form  a  notion  of  the  feciirily  of  this  m©- 
,    thod,  lei  ui  conlider  what  a  geometer  rouft  do  who  undcftaket 

to  explain  the  fccrct. 

Every  line  coniaios  a  number  of  com  hi  Rations,  expreiTed  by 

(he  product  ot  ihc  numbers  1 .  2.  3 to  30.  that  ii  to  fay, 

a  number  exprelTed  by  2(ij  followed  by  30  cyphers.  Thi» 
nnmber  of  anagrami  is  equal  to  that  of  the  grains  of  fand  which 
would  encircle  the  whole  world,  fuppoling  each  grain  to  be 
left  Ihan  one  hundredth  of  an  inch  in  djameler.  This,  with- 
out doubt,  is  mort:  than  fufficienl  to  difcourage  the  mofi  per- 
fevcring  Newlon,  and  il  mutl  be  acknowledged  that  the  dif- 
ficulty may  be  coiifidered  as  an  abfoluie  impalTibJlity. 

But  this  is  not  all,  after  the  labour  of  a  mullilude  of  ages. 
'  this  geometer  would  be  no  farther  advanced  ;  for  atnong  the 
infinity  of  combinations  produced  Irom  the  thirty  letlert  of 
one  line  of  the  fecrel,  he  would  find  an  innumerable  muf- 
tilude  that  might  yield  a  rational  meaning,  and  by  what 
means  would  he  be  able  to  difcover  which  of  them  the  author 
of  the  fecret  had  in  view?  In  (liorl,  what  muft  be  the  diffi- 
culty where  it  becomes  necelTary  thus  to  combine  all  the  lines 
of  the  fecret  at  the  fame  time  ?   Here  the  imagination  is  loft, 

2.  In  tlie  event  of  many  correfponden 
for  the  greater  fecurily  to  agree  npon  a  difierent  ( 
each,  if  the  lca\e  U  ittaie  ot  ^aRcboatd, 
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with  four  ftries,  and  may  ferve  foi  four  corrcfpondenis :  if  it 
be  of  ivory,  the  fcries  may  be  changed  at  pleafute,  by  writing 
tfie  figures  with  a  pencil ;  the  fcale  may  even  be  compofed  of 
iliirly  fmall  detached  moveable  pieces  uf  braf^  Hipped  upeii  a 
dal  iron  rod,  and  fccured  wiil<  i  nut  3t  one  ol  its  ends. 

3.   It  may  be  eafily  conceived,  lliiil  ihc  principles  of  pertiiu-  9*'""  P=nnuu 
lation  may  be  varinl  to  intinity,  lor  inlUnce,  by  changing  only 
the  order  of  the  fyliablei,  the  words,  or  the  lines.     The  above 
method  on  which  I  have  fixed,  appears  lo  be  at  once  eafy,  ^H 

certain,  and  concife,  and  to  require  the  firnplell  apparatus.  ^^M 

+.  U  it  be  defired  (o  conceal  even  the  appearance  of  a  fe-  ^^M 

cret,  the  method  above  defcribed  may  be  employed  to  writu  ^^ 

with  one  of  the  fympathetic  inks,  at  the  end  of  an  ollenfible 
fubjea, 

5.   Anotktr  melhnd.      Having  divided  the  paper  into  100  orAnsiher  oiEtlu 
-200  fquarcs,  write  in  each  a  letter,  a  fyllable,  or  a  word  of  the '"'' ''"  '"'^ 
fccrel,  and  alfo  one  of  the  nurnl^rs  of  the  concerted  feriea; 
feparale  and  mix  the  fquares;  the  correfpondent  will  only  be 
required  to  replace  them  in  their  order  by  means  of  tlie  figures 
4>f  Hie  ferics. 

For  the  greater  rccurity,  the  edges  of  the  fquares  QiouJd  be 
pared  to  deAroy  the  conneflion  of  the  adjoining  tides. 

fi.  Afclliod  of  intercainliam.  Draw  on  pafiebi'ard,  fome  pa-^^'her  by 
ratlel  divifions  about  half  an  inch  afundtr,  pierce  Ihetn  with""""  '*''* 
boles,  either  equal  or  unequal,  of  an  arbitrary  fize,  and  at  any 
didance  from  each  other:  lay  the  paAcboard  nn  the  paper, 
and  write  the  fecret  by  inferting  fuccellively  from  left  lo  right, 
&  letter,  fyllable,  or  word  in  each  vacancy  :  remove  ihepafte- 
board  and  (ill  up  the  intervals  with  inlignificant  letters;  or  it 
will  be  better,  if  lime  permit,  that  the  letters  Qiould  form  with 
thofe  of  the  fecrel,  a  ruafonable  meaiijng,  not  liable  to  be  fuf- 
pefled. 

The  correfpondent  will  eaGly  read  the  fecret  ihrough  holes 
in  a  iimilar  paDcbuard. 

The  infertion  of  unmeaning  lellers  may  be  avoided  by  ufing 
three  or  four  palleboards  of  equal  fize,  but  fo  pierced,  (hat 
when  they  are  laid  on  each  other,  all  the  holes  will  be  clofed, 
By  writing  through  each  of  thefe  in  fuccelCon,  all  the  lines 
will  be  filled.  The  correfpondent  muU  be  provided  with  iimi- 
lar pafleboards,  and  will  read  the  fecret  through  them  by  ap> 
liiyiog  tbcm  luccelUvely  lo  the  writing. 

Th« 


GAZIKS  TMTOt. 


Tliii  melliod  is  (hotter  than  that  of  the  anagrafnmatic  fcale, 
■nd  is  preferable  when  there  h  much  to  write;  but  it  is  lef» 
fccure,  and  requires  a  more  complicated  apparatus. 


I 


De/briptimi  nf  a  Mugeaiire  Fiflot,  which  when  loaded  it  capahie  qf 
being  df/bharged  Hitte  fucf^vo  Tnac»  through  the  fame  Barrel, 
W.N. 

of  a  1  AM  indebtedlo  the  liberality  of  the  Right  Honourable  Loid 
pi<bU  Caroelford  Tor  llie  accurate  drawings  of  the  curious  and  valu* 
able  piece  which  forms  the  fubjefl  of  the  prefenl  Memoir,  ai 
well  as  for  pcrmiflion  lo  ule  and  examine  it  in  any  manner  I 
might  think  proper.  It  h  of  German  make ;  the  wcrkman- 
iliip  rery  good,  and  it  has  been  uted  by  his  Lordlhip  without 
any  particular  care  in  variou;  parts  of  the  world.  lis  con- 
flruflion  doe'i,  in  effefl,  fhew  thai  its  ufe  if  attended  wilh 
neither  danger  nor  uncerlainly;  but  I  Ihall  poftpone  my  ra- 
mariis  lilj  1  have  given  the  defcription. 
>n  h,  Figs.  1  and  +  in  the  Plales  XIV.  and  XV.   exhibit  views  of 

"  the  two  fides  of  the  piftol.  Fig.  5.  is  a  fe^ion  lo  fliew  ihe 
magaainet,  and  Figs.  2.  and  3.  (hew  what  may  be  called  the 
chamber  piece.  The  large  face  of  ihis  laft  (Fig.  2.)  is  (lightly 
taper  or  conical  from  X  towards  Y,  where  the  diameter  is  fnal- 
left,  and  the  fmall  part  B  is  cylindrical,  excepting  that  a  por- 
tion is  fcooped  out  on  one  fide  marked  by  Ibe  dark  fpaee  D 
in  Fig.  3.  Its  proper  place  in  ihe  piftol  is  in  Ihe  breecb, 
CloSing  the  line  of  direction  at  right  angles.  When  the  lock 
is  off,  it  goes  tnlo  its  cell  from  the  fide  Fig.  1.  which  it  fits 
wiUi  coiifiderable  accuracy,  bul  does  not  come  lo  rub  hard, 
becaufe  the  Plate  X  forms  a  projefling  face  which  Hops  it. 
In  Ihis  fituation  its  fmaJI  cylindrical  part  B  proJeAs  outwards, 
and  is  received  in  an  hole  «jf  the  fame  diameier  in  ibat  part  of 
the  lock  beneath  Ihe  hammer  where  Ihe  pan  U  ufually  placed. 
In  faft,  the  caviiy  D,  Fig.  3.  docs  tonftiiule  the  pan  when 
its  poCiion  is  fuch  as  to  be  immediately  beneath  the  coveting 
bee  of  the  hammer.  The  fcrew  B  which  goes  into  the  cy- 
lindrical piece,  and  Z,  which  goes  into  the  (lock,  are  Ihe 
ialtenings  by  which  the  lock  is  fccured.     At  the  iippofite  end 


■^  cliiigini. 


A,  Fig>  3>  the  chamber  piece  terminntes  in  a  Tquare,  ii{>on  Ddc 
which  the  broad  head  of  ihe  lever  L,  Fig.  *.  is  fitted,  and  ^1^° 
kept  down  by  the  fere w  A,  which  goes  into  the  chamber  ccRienby 
piece.  It  Is  lo  be  underjlood  that  the  cock  and  hammer  a. 
conDruded,  and  aA  in  the  fame  manner  as  in  ihe  bed  fire 
arms,  and  do  not  llicrelbre  retfiiire  to  be  defcribcd.  The 
lever  is  capable  of  being  moved  (rum  the  pofition  M  to  iliofe 
cf  L  and  N  ;  but  is  prevented  from  defcribing  Ihe  remaining 
part  of  the  circle  by  an  interior  Hop,  which  may  be  eafily  ima- 
gined without  anyattempt  at  minute  explanation. 

Fig.  5.  being  a  fe£tion  through  the  middle  of  the  (lock, 
breech,  and  part  of  (he  barrel,  fliews  Ihe  relative  fituatioii  of 
the  magazines,  with  the  chamber  piece,  and  other  parts.  The 
balls  S,  2,  3,  i,  &c.  ate  lodged  in  their  proper  receptacle, 
being  put  in  through  the  hole  R,  Fig.  4.  and  the  powder  i) 
lodged  in  its  magazine  Q  Q.  both  which  are  dofed  by  the 
door  T,  which  is  then  faftened  by  a  fmal)  boll  and  back  fpring. 
A,  Fig.  5.  Ihews  the  filuaiion  uf  Ihe  chamber  piece  at  the 
time  when  the  lever  is  brought  to  Ihe  pofilion  M.  This  U 
done  ivi'h  ihe  muzzle  of  tlie  piece  pointing  towards  Ihe 
ground,  and  the  cfTcfl  is,  that  powder  runs  inio  the  chamber 
P  (fee  alfo  Figs.  2  and  3)  and  a  ball  into  Ihe  chamber  S.  The 
lever  is  then  moved  from  M  lo  L  and  N,  by  which  procefs 
Ihe  ball  chamber  drops  ils  hall  inlo  Ihe  barrel  as  it  palTcs  op- 
pofilc  to  N,  where  the  ball  remains,  becaufe  the  aflual  bore 
of  the  fcrew  barrel  is  not  wide  enough  lo  allow  it  to  pafs  far- 
ther than  juft  to  clear  Ihe  moveable  chamber.  As  foun  as  the 
lever  has  arrived  at  the  pofilion  N,  the  powder  chamber  P  it 
exaftly  oppofile  the  ball,  and  ready  to  be  difcharged  againll 
it.  Aller  the  difcharge  the  muzzle  is  lo  be  again  deprefled, 
and  tlic  lever  moved  from  N  to  M :  the  chambers  become 
again  charged  with  powder  and  bail ;  and  by  returning  the 
lever  back  to  N,  this  ball  and  powder  become  duly  placed 
for  a  fecond  difcharge.  It  is  obvious  thai  thefedifchargesmay 
be  repeated  until  all  ihe  balls  have  been  hred  out.  The  fmall 
bridge  in  the  powder  chamber  P  (Fig.  2.)  is  to  prevent  any 
impediment  from  the  enlrance  of  part  of  one  of  the  balls  into 
the  receptacle,  and  the  perforations  W,  W,  in  the  breech, 
ferve  lo  clear  the  furlacu  of  the  chamber  piece  from  any  foul- 
nefa  it  might  acquire. 

Thai 
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Dffttiption  Bfa      Thus  far  we  have  Tpoken  only  of  loading  and  difchargiDg  i 

5j«'htlll'in^'''"'  ">"  P'"^  "'•'"'''  "'•"'''  **f  '■'"''  f='P''^''y  °f  ^*''^^'  '^  '*  ^'^ 
(MaSion  by  not  at  the  fame  time  cock  and  prime  itfeif.  It  may  be  ob- 
on«  charging.  (crveA,  that  ihe  projefling  pari,  or  ftud  C,  is  (i\ed  to  the 
chamber  piece  Fig.  2.  and  3.  a  verj-  Utile  behind  the  fliot 
chamber ;  to  Ihal  it  (lands  al  the  top  of  the  lock  at  the  time 
of  charging.  A  thin  flat  bar  of  iron  pfoci-eds  from  the  coclt, 
■nd  fltdes  with  it  along  (he  face  of  Ihe  lock  plate,  withinfide 
the  hammtr  :  againft  this  plate  the  fliid  C  afls,  and  brings  it 
to  full  cOL'k  a  little  before  the  lever  arrives  at  the  pofilion  M  ; 
Bt  Uie  faroe  time  that  tlie  more  prominent  part  of  C  prelTes  on 
the  back  of  tlie  hammer,  and  ftiuis  the  pan.  The  lock  is  there- 
fore pul  into  Ihe  condition  lo  give  lire  by  the  fame  limple  ope- 
ration, and  precifely  at  the  fame  moment  as  ihe  charge  is 
taken  iVom  Ihu  magazines. 

It  now  remains  only  lo  be  lliewn  how  the  priming  is  given. 
The  eycavalion  D  m  the  fide  of  the  fmall  cylinder  B,  Fig,  3. 
conniiutes  the  pan,  and  the  fmall  dot  reprefenls  the  touch 
hole  palling  through  the  nneial  into  P  the  powder  chamber. 
When  ihc  lever  is  in  ihe  pnfition  M,  Fig.  i,  the  cavily  D  is 
eitafily  pUced  beneath  the  covering  face  of  the  hammer  G  : 
but  al  (he  lime  of  charging  it  has  Ihc  polition  Fig.  3.  ronfi- 
dered  wilh  regard  to  that  of  Fig,  I.  In  this  lall  figure  the 
dark  Hiadcd  fpace  H  denotes  a  refervoir  for  priming,  the  door 
of  which  may  be  opened  and  fliut  under  the  aflion  of  an  inge- 
nious back  fpting,  operating  nearly  like  that  of  a  clafp  knife. 
A  long  perforation  or  flit  conimunicales  from  this  refervoir  to 
the  fpace  in  which  the  cylinder  B  revolves :  fo  Ihal  when  the 
excavation  D  paflei  that  flit  (during  the  return  of  the  lever) 
it  becomes  filled  wiih  powder,  which  it  carries  round  lo  the 
laO  poQtion,  which  is  exaftly  thai  in  which  it  mufl  receive  the 
fire  whenever  the  pillol  is  to  be  dlfchargcd. 

The  hillory  of  this  conilniclion  feems  to  be  imperfefl ;  but 
there  is  reafon  lo  fuppofe  that  it  is  of  fome  anii(juity.  The 
magazine  air  gun  of  Co'Af  conflrufled  for  carrying  ten  balls, 
and  lodging  them  fuccellivcly  in  ihe  barrel  by  a  crofs  cylin- 
drical piece  was  made  early  in  the  tall  century,  and  is  defcribed 
in  Defagulier's  Le£tures,  and  moil  elementary  books.  In  the 
prefent  arm  the  contrivances  are  highly  judlciom,  as  well 
with  regard  to  mcchanifm  as  to  arrangement.  If  it  were 
pollible  for  the  powder  magazine  to  be  ftt  on  6rc  at  the  dif- 

lance 
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tance  orafemi-clrcumfercnce  of  the  cliamber  piece  firom  the  Deftriptlonaf* 
exploilon,  tlie  only  creft  wouid  be  that  ihc  door  would  1"*^  ^^^'j^^j'[|5|^ 
blown  open,  and  this  is  Gluated  in  a  place  where  it  could  do  ccHiaa  by  ohm, 
no  harm.     The  fame  remark  is  alto  applicable  lo  the  niaga- 1'"'!'"!- 
zine  for  priming. 

How  great  the  advanlagei  mutl  be  in  battle,  for  a  man  to 
be  able  to  reload  hh  piece  \iy  a  fimple  movement  of  one  l*e- 
cond  of  time,  without  taking  his  e^c  off  hh  enemy  ;  or  how 
conlidcrably  ufeful  this  invention  might  prove  in  the  defence 
againll  rdbbers  need  not  be  (lated.  [t  can  indeed  be  Hated, 
that  tlie  opponent  may  alfo  provide  himfelf  with  the  like  ad- 
vantage ;  and  then  we  have  only  to  urge  (he  argument,  that 
the  duration  of  wars  have  been  dirainilhed,  and  its  humanity 
dlminifhed  by  rendering  the  means  of  annoyance  more  perfef). 

1  have  ditchargcd  this  courfe  of  ballt  feveral  times,  and  1 
iind  lliat  the  whole  nine  balls  can  be  lired  in  30  leconds. 


XII. 

On  the  Dijfminalioa  qfPlfoils.    flj/  Cit.  L.  Reysier  *. 

1  HE  hiflory  of  vegetables  affords  feme  fafls  lo  which  1  DineirJoiiionrf 
Ibink  it  my  duly  locall  ihe  attention  of  naturalifts :  they  relate  f"*""' 
to  the  diflemination  of  plants,  and  lo  the  means  by  which  this 
is  effefled.     1  have  already  collefted  feveral  obfervalions  on 
thi»  fubjefl  in  the  diflionary  of  Agriculture  of  L' Eiic^dopMie 
MHhodiquf,  article  Diffemiiiatioa. 

There  are  two  natural  mean*  of  reproduflion  ;  one  of  lliefet/th'fpKxIinE 
is  by  Ihe  roots,  which,  fpreading  outwards,  form  new  ftemi  "  '  '  """' 
round  the  mother  plant ;  tills  reprodaflion  is  (low,  and  can 
only  lake  place  gradually  and  without  intervals  ;  the  other  is  <"  trioFportiiioa 
by  the  iireds,  which  being  carried  by  the  winds,  or  by  the "    "  *' 
books  with  which  they  arc  provided,  or  by  animals  which 
fwalbw  them,  and   aftervi-ards  depofit   ihem,  unchanged,  in 
their  excrements,  are  removed  to  greater  diHances,  tliough 
Aill  within  a  limited  circle.     It  is  not  therefore  wonderful,  lo 
fee  a  plant  fpring  op  in  a  fpot,  where  the  fame  fpecict  is 
known  lo  exill  at  no  great  dlllance  ;  its  introduction  is  in  IliB 
clafi  of  potfibi  lilies. 

*  Decade  Philofcfhiiiue,  Na.  13.  An.  XI. 

Bat 


4 


■  4S* 

NewTegetaiiof 


Dis; 


IINATIOH    OF    PIA] 


ihe  f  Kc  of  the 


lorbid. 


But  thai  wliich  ought  lo  excite  our  attention,  is  Uie  pro- 
"duflion  of  a  new  vegetation  in  a  place  which  lias  undergone 
fome  very  great  changes.  In  all  cafe^  when  the  furface  of  a 
place  has  been  altered  either  by  the  falling  or  removal  of  the 
earth,  by  opening  roads  through  foreds,  or  by  draining  marfbes, 
plants  are  fare  lo  be  IbumI  in  the  following  year,  which  did 
not  esift  there  before,  while  the  former  fpecies  dJfappear,  ex- 
cept a  few  cofmopolites,  if  Ihe  exprelTion  may  be  allowed, 
which,  though  they  re-appear,  undergo  a  remarkable  altera- 
tion CDifi.  d'Ai;r.  dc  L'Eneyd.  tnetk.  art.  Climat.)  When  a 
wood  is  grubbed  up,  llic  fcrefi  plaiitv  ceafe  logrow,  and  tiiofe 
natural  lo  tilled  ground  immediately  germinate.  Labal  no- 
tices (fee  Vol.  1.  p.  366.)  that,  in  his  lime,  at  the  Anlilles, 
as  foon  as  the  ground  was  cleared,  its  furface  became  covered 
with  purflane.  In  ihofe  places  where  charcoal  is  made,  in 
forefts  at  a  great  diHance  from  any  habitation,  I  daily  obferve 
plants,  diiTerenl  from  thole  whicli  were  formerly  there,  and 
which  arc  natives  either  of  dry  paflures  or  cultivated  lands, 
fuch  as  the  (vergerette)  of  Canada,  the  annual  veronicas,  8cc. 
Forller,  in  his  voyages  with  Cook,  took  noliceof  feveral  iflets 
in  ihe  middle  of  the  fea,  (imply  rocks  of  coral,  on  which  the 
firil  rudiments  of  vegetaiion  were  forming.  In  the  lov?  val- 
leys of  the  downs  of  Holland,  J  have  gathered  a  falyrion  aind 
an  ophrys,  natives  of  the  fummits  of  the  Alps  and  ihe  plains 
of  Spitzhergen  (Sittt/rium  viridc.  L.  Ophryi  moaorchh,  L.) 
But  Ihefe  downs,  according  to  the  obfervations  of  Cit.  Dfican- 
dolle,  (.lim,  d'.igr.T.XlJI.  p.  S12.)  are  not  of  very  ancient 
An  ihefe  pro.  Origin.  How  is  the  introduflion  of  thefe  two  planli,  which 
duccd  by  the  are  naturally  provided  with  very  limited  means  of  multiplica- 
othei p!»nii.  "  "o">  '"  ^^  accounted  for?  I  have  cKprelTed  a  wilb  in  the 
Encyclopedic,  thai  the  new  iHands  formed  by  volcanos,  and 
particularly  thofe  near  Sanlorini  thould  be  examined.  One  of 
our  raofl  accurate  obfervers  is  on  the  point  of  vifiting  the  lal- 
ter,  (Sic  d'Olivicr.  T.  !l.  p.  233J.     The  new  one  produced 

L  by  the  eruption  of  1707  to  1711,  does  not  yet  (lie w  any  ap- 
pearance of  vegetation,  the  air  is  Jlill  mephilic;  ihat  which 
»rofe  in  1373  has  fome  traces  of  vegetation,  particularly  fome 
grafTes,  and  a  fmall  tig  tree ;  the  biter  may  have  been  depo- 
fited  by  fome  bird,  but  by  what  meajis  were  the  grafTes  con- 
veyed ? 
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It  U  true  that  feeds  which  are  buxied  lo  a  cetlain  depth  will  cmU  the  feedi 
be  prererved  for  a  great  length  of  time,  and  being  afterwards  f""  ^f"Jl, 
fubmiltcd  by  culture  to  the  aaion  of  the  light  and  water.  wUl""'^''^ 
germinate.     But  is  it    lo  beprefumed,  that  the  feeds  of  pur- 
ilane  were  preferved  in  the  earth  of  the  Antilles,  during  ihc 
many  ages  the  forefts  had  endured  before  they  were  deftroyed  ? 
Is  it  probable  that,  in  the  forefts  of  Gaul,  whofe  antiquity  is 
well  afcer Iain ed,  the  feeds  of  tho/e  plants,  which  appeared 
alter  ihey  were  rooted  up,  or  after  placing  a  charcoal  furnace 
in  them,  Ihoulcl  have  been  preferved  found  from  belbre  the 
exilience  of  the  forefts  ?  The  dilTemi nation  of  plants  has  ne- 
celfary  limits ;  beyond  Ihefe,  we  muA  have  recourfe  to  other 
explanations. 

Laflly,  the  plants  of  ihe  clafs  cryptogamta,  and  particularly  PaOi 
fungi,  whofe  form  is  conftantly  determined  by  the  nature  of '''" 
Ihe  fubfiance  on  which  they  grow,  and  i^  conAantly  the  fame 
in  liniilar  circumHances,  although  they  do  not  appear  at  fiated 
fcafons  like  other  vegetables,  alfo  prcfenl  new  lafts.  It  is  not 
long  fioce  Cit.  Venlenal  obferved  a  bolcia  of  a  peculiar  new 
lliape,  which  was  produced  on  a  human  body.  I  have  noticed 
the  clavaria,  which  is  conftantly  formed  on  Ihe  cryfalides  of 
caterpillars  (Journal  de  Phyf.  Attnie.  1787J  ;  others  grow  on 
thofe  fruits  which  have  a  woody  covering  ;  fuch  as  are  formed 
on  the  fragments  of  fir,  are  not  the  fame  as  thofe  which  grow 
on  the  wood  of  ihe  oak.  The  hulk  of  ihe  nutmeg  produces  a 
fungus  peculiar  to  itfelf,  (Anden-nc  Encyd.  art.  Mufcadc). 
Laltly,  Ihc  fungi  which  are  formed  on  the  wooden  props  of 
mines,  cellars,  &c,  are  not  the  fame  as  thofe  produced  by 
the  fame  woods  when  they  decay  in  the  open  air.  It  is  dif* 
ficult  to  conceive  the  dilferoinalion  «f  feeds  from  one  mine  lo 
another,  particularly  lo  ihofi;  whicli  are  opened  in  fitualioni 
where  no  mines  had  exifled  before  ;  neverlhelefs  I  have  found 
all  ihofe  which  I  have  examined  in  different  countries  to  pof- 
fefs  very  nearly  the  fame  form. 

All  thefe  conlideraiions  may  induce  us  to  prefume,  that  na-  ^^  iipKfaMd 
ture  is  daily  cxe re  ihng  the  fame  powers  which  fhe  poflelfed  at  thiipluincoa 
ll.c  crciion,    .nd  il  would  be  m,„elling  to  gamine  lh=  J^"^"^^,, 
caufes  and  afcertain  the  means  of  execution ;  but  this  can  only  pnipigiooa, 
be  the  confequence  of  long  and  divtarfitied  invefiigalioni,  car- 
ricd  on  by  a  great  number  of  obferven. 
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An   Effuy  on  (At  DccUvtUa   of  Mountaint.      By  Richard 
kiawAN,  ES<i.  L.  L.  D.  P.  R.  S.  and  P.  B.  I.  A. 

Introduaory  re- Among  the  various  caufes  to  whoreaflivily  the  planet  we 
"«'"•  inhabit  owes  its  prerent  wonderfully  diverfified  appearance, 

fame  undoubtedly  exurted  tlicir  influeticc  from  its  very  origin, 
and  others  a.t  fubreqiient  periods;  of  Ihefe  iafl  one  at  leafl, 
namely,  the  Noachiait  dclugi?,  was  uiiiverral  in  Us  uperallon, 
while  the  eflcfls  of  many  more  were  partial  and  local,  fcich  at 
ihufe  refulting  from  ear ihqu abet,  volcanos,  particular  inunda- 
tions, &c. 

In  a  general  furvey  of  the  globe,  il  is  only  to  general  caures, 
whofe  operation  was  univcrfal,  thai  our  attention  can  be  di- 
lededi  {hecffefls  of  partial  caufes  being  the  proper  objeSsof 
tlie  geolc^cal  hiftory  of  tliofe  countries  that  were  particularly 
aSefled  by  them. 

But  to  diflinguilli  caufes  of  the  former  clafs  from  thofe 
whoCe  operation  was  mure  confined,  it  is  neceflary  to  dilcover 
foroe  chirafier  by  which  their  cSefls  may  unequivocally  be 
difcerned. 

Now  a  general  umformily,  or  agreement  in  fome  particular 
circumllance  in  every  pari  of  the  globe,  feems  to  be  a  fure  teA 
of  the  operation  of  (bme  general  caufe.  The  difcovery  of 
uniform  appt'a ranees  is  IJierefore  of  primary  importance  to 
geological  refearches.  In  the  prefent  clTay  I  (hall  confine  my- 
I'elC  to  the  inveHigalionof  one  inflanccof  this  fori,  namely,  tlie 
tne^aaiily  nf  declivity  which  the  lides  or  flanks  of  mountains 
exhibit  in  every  part  of  the  globe  hitherto  examined  according 
to  the  points  of  the  compafs  to  which  they  face,  and  are  ex- 

Al  high  moun-       That  one  part  of  almoll  every  high  mountain  or  hill  is  deeper 

taini  01  hills       jhan  another,  could  not  have  efcaped  the  notice  of  any  perfoD 

Buch  Scepcr      ^'^'^  ''3*^  traverr[:d  fuch  mountains ;  but  that  Nature  in  the  fbr- 

ibu  the  odier.    mation  of  fuch  declivities  had  any  regard  to  dijVerent  afpeQt  oi 

points  of  the  compafs,  feems  to  have  been  tirfl  remarked  by  the 

celebrated  Swedifii  geologift  Mr.  TilaSj  in  the  22d  vol.  of  Uw 

Meinnn 
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Memolrsof  Stockholm  foe  1760*.  Neither  Vareniua,  Lulolptt 
nor  BufTon  in  hh  Natural  Hiftory  puLblilhed  in  174S,  have  no- 
ticed this  remarkable  circumdance. 

The  obfervalion  of  Tilas  however  relates  only  to  the  ex.  The  n«ep  6ie 
treme  ends,  and  not  to  ihe  flanks  of  mountains ;  with  refpea  '""  ''"  '"21. 
lo  the  former,  he  remarked  that  the  Jicepeji  decliviiy  alwajs  ' 

faces  thai  part  of  the  country  where  the  land  lies  lowel),  and 
the  gentkft  that  part  of  the  country  where  the  land  lies  higheft, 
and  that  in  the  fouthem  and  eadern  parts  of  Sweden  they  con- 
fequently  face  the  E.  and  S.  E.  and  in  the  northern  the  W. 
The  elfenlial  part  of  Ihis  oblercalion  extend?  therefore  only 
to  the  general  elifvaljon  or  deprcllioii  of  the  country,  and  not 
to  the  bearings  of  thefe  declivities. 

The  diicovtry  that  the  difliircnt  declivities  of  Ihe  flankn  of  The  weOera 
tnounlains  bear  an  invariable  relation  lo  llieir  different  afpefls,  ^ 'i^'"'*' 
feems  to  have  been  firft  pubtidied  by  Mr.  Bergman  in  his 
phylieal  defcription  of  the  earth,  of  which  the  fecond  edition  I 

appeared  in  1773.  He  there  remarked  that  in  mountains  that 
extend  from  N.  to  S.  the  wcftern  flank  is  the  ficeptfi,  and  the  J 

ealiern  the  gentkji.  And  that  in  mooniains  which  run  E.  and 
W.  Ihe  fouthern  declivity  h  the  ileepelt  and  the  northern  the  J 

genlleft,  vol.  2d,  5  187.  " 

This  alTettion  he  grounds  on  the  nbfervations  related  in  his  InAancei.    Vt 
firfl  vol.  §  32,  namely,  that  l«  in  Srandinavla  the  Suevoberg  S™"''"'*'*- 
mountains  that  run  N.  and  S.  feparating  Sweden  from  Norway, 
the  welleni  or  Norwegian  fides  are  the  fteepeft,  and  (he  eallem  J 

cr  Swedifh  the  moll  moderate,  the  verlicality  or  fleepneftof  the  R 

fbrmet  being  to  Uiat  of  the  latter  as  40  or  50  to  1  or  2  +.  l| 

2dly.  That  the  Alps  are  fieeper  on  their  weftem  and  fouthern  The  Alp.  il 

fides  than  on  the  callern  and  northern. 

3dly.  Tliat  in  America  the  Cordcliercs  are  fieeper  on  the  The  Coidelierei. 
weftern  fide,  which  faces  Ihe  Pacific  Ocean,  than  on  the  eaflern. 
But  he  does  not  notice  a  few  exceptions  lo  this  rule  in  parti* 
cular  cafes  which  will  hereafter  be  mentioned. 

Buffon,  in  the  firfi  vol.  of  his  Kpochsof  Nature  publilhed  in  R«n«fci  of 
1778,  p.  1  So,  is  the  next  who  notices  the  general  prevulence  """""i  , 

■  See  altb  vol.  Qb,  Swed.  Abhandl.  p.  391,  where  CranfiiJn- 
plnini  fome  obfcure  parli  of  TiUt'i  obfcrvatlon. 
■f  The  vtrticalicy  of  the  fidu  is  inverfcly  ai  the  length  of  the 

Vol.  IV.— An 
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of  tbii  phsenomenon,  ai  far  as  relalei  to  tlie  eaAem  and  wetleril 
fides  of  the  mounlains  ihat  extend  from  norlh  to  fouth,  but  he 
i;  Clent  wiih  refpc^  (o  Ihe  norlh  and  foutli  fidet  of  the  moun- 
lains  Ihat  run  from  eaO  to  tvefl ;  nay,  he  does  not  feeni  to  have 
had  BJuH  comprehenlinn  of  this  phenomenon,  fur  he  confiden 
il  conjuinU}'  with  the  gen«r&l  dip  of  ihc  regions  in  whic:h  thefe 
iDounloins  exilt.  Thut  lie  (ells  ui,  vol.  lA,  p.  U.>,  Ihat  in  all 
continaits  the  general  declivity,  taking  i(  from  the  fummit  of 
mountains,  is  always  more  rapid  on  the  wcllem  ihaa  on  Ihe 
ealltirn  fide :  tlius  the  fummit  of  the  chain  of  the  Corilelteres  is 
much  nearer  to  the  wellern  Aioresilian  (oihceaflern;  the  chain 
which  divides  the  whole  length  of  Africa,  from  the  Cape  of 
Good  Hope  to  Ihe  mountains  of  Ihe  Moon,  is  Dearer,  he  (nyt, 
to  Ihe  we  Hern  than  tolheeallcrn  feas;  ol'this  however  he  mull 
have  been  ignorant,  as  thai  trad  of  country  it  fliU  unknown. 

The  mountains  which  run  from  Cape  Comorin  through  ibe 
peninfulaof  India  are,  he  fays,  much  nearer  to  the  fea  (»  the 
call  than  on  the  weft ;  he  probably  Rif  am  the  ronxraiy,  as  the 
fa£t  il  evidently  fo,  and  fo  lie  fiates  il  in  the:  2d  vol.  p.  £^3  j 
the  fame  he  tclU  us  may  be  obfcrved  in  illands  and  peninluhis, 
and  in  mountains. 

(r»u-  Thi*  remarkable  circtimllaiice  of  moantaini  was  notwith- 

Aonding  lb  little  noticed,  that  in  IT£<'J  the  author  of  an  exceU 
lent  accoiinl  of  the  territory  of  Carllbad  in  Bohemia,  lelU  us 
he  had  made  an  obfervation,  which  he  had  nevei  met  with  in 
My  pliyfical  defcription  of  the  earth,  namely,  that  Ihe  JbutherB 
declivilyofall  mountains  was  much  fteepcr  than  Ihe  nortiteni, 
which  he  proves  by  inllancing  llic  lirzgrl/irge  of  Saxony,  the 
Pyrenees,  the  mountains  of  Switzerland,  Savoy,  Carinlliia, 
Tyrole,  Moravia,  the  Carpathian  and  Mount  Hxmos  in 
Turkey,  2,  Bergm.  Jour.  n92,  p.  385.  in  the  note. 

,j  Herman  in  his  Geology.  pubUdied  in  )TS7,  p.  90,  has  at 

Icali  partially  mentioned  ihis  circuni  (lance,  for  he  fays  that  the 
callern  declivities  of  all  tnonntains  are  much  gentler  and  more 
thickly  covered  with  feconilary  flrala,  and  to  a  greater  height, 
than  the  weftern  flanks,  which  he  inllances  in  the  Swedifli  and 
Norwegian  mountain\,  the  Alps,  the  Caucafian,  the  Appenine 
and  Ouralian  mountains ;  but  the  declivitien  bearing  a  fouthem 
or  northern  afpedhedoesnot  mention. 

Iitri,  ,         La  Metheric,  in  the  +1  h  vol.  of  his  Tlieory  of  the  EarUi,  of 

which  Ihe  I't-cond  editluii  appeared  in   il97,  a  work  which 

4'  abounds 
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abounds  in  excellent  obfervDtiofl),  p.  381*.  produces  nu- 
merous inllances  of  Ihe  inequality  of  the  eaflem  and  weliem 
declivilies,  but  fcaicu  any  of  the  noilhem  and  fouthern,  whofe 
difference  he  does  noi  feem  lo  have  noticed,  but  he  mates  a 
remark  which  I  have  not  feen  elfewhere,  that  the  coafls  of 
different  countries  prcfent  limilar  declivities. 

With  regard  to  eaJlern  and  vreflern  afpefls,  he  thinks  that 
a  different  law  has  obtained  in  Africa  from  that  which  has  been 
ofaferved  in  otiier  countries,  for  in  thai  vart  peninfula  he  ima- 
gints  ihe  eaftem  declivities  of  mounLains  arc  ihc  Aeepell,  and 
the  wellern  the  gentlefl.  Of  this  however  he  adduces  no  other 
proof,  but  that  the  grealefl  rivers  are  found  on  the  weftern 
fide  ;  this  proof  fecnii  infufficienl,  as,  if  mountains  be  jituatcd 
far  inland,  great  rivers  may  flow  indiscriminately  from  any  fide 
of  thcin,  and  fomelimes  few  rivers  flow  even  from  the  fide 
whofe  dcfccnt  is  moll  moderate,  for  inflance,  from  Ihe  eaftern 
fide  of  the  mountains  of  Syria ;  ibe  Elbe  and  the  Oder,  two  of 
the  grealefl  rivers  in  Germany,  lake  their  courfe  from  the 
weflem  fides,  the  firft  of  the  Boheinian  and  the  other  of  the 
Moravian  raoun  la  ins,  which  yet  are  the  ficepelt.  Many  ori- 
ginate from  lakes,  as  the  Shannon  with  ns  j  many  lake  liich  a 
winding  courfe,  ihat  from  a  bare  knowledge  of  the  place  of 
their  difemboguement  it  is  impoflibie  lo  jud^  from  what  fide 
of  a  mountain  they  ilfue,  if  from  any  ;  their  courfe  at  moft  dif- 
covers  Ihe  dcprellion  of  Ihe  general  level  of  llie country. 

In  1798,  tliecelebralcd  traveller  andcircumnavigalor,  John  f.  R.  Fofter; 
Rcinhold  Poller,  poblifhed  a  geoloirical  uaft  »^i■ich  merits  fo^"""'^!,'''*: 
much  more  altenlion,  as  all  the  facts  were  either  oblerved  by  s.  E.  6ia  of 
himfelf,  or  related  to  him  by  the  immediate  obfervers.  In  ihis"'<""iMi'"«« 
he  dates  as  a  {a&  univerlally  obferved,  that  the  foulh  and  fouili- 
eafl  fides  of  almofl  every  mountain  are  Ileep,  but  that  the 
nortli  and  norlh-weli  Cdc-s  are  gently  covered  and  conneded 
with  fecondary  firata  in  which  organic  remains  abounii,  which 
he  illullrales  by  various  infiancest  fomc  of  which  have  been 
already,  and  others  will  prefently  be  mentioned. 

At  prefent  this  faft  altrafls  thegreatefl  attention,  being ob- 
vioufly  connc^ed  with  the  original  llruflure  ol  ihe  globe,  and 
clearly  proving  that  mountains  are  not  mere  fortuitous  eruptions 
unconnected  with  tranfadions  on  the  furface  of  the  earth,  aih» 
of  laic  been  confidently  advanced. 

*  It  is  to  be  regretted  that  he  fearce  ever  quotes  hii  authorities. 
S  2  I  ftiall 
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I  (hall  now  ftate  the  principal  obfervalions  relative  to  ihit 
objefl,  that  have  been  made  in  difieicnt  parts  of  tlie  norld. 

J  a  Europe. 

I.  The  mounl^ns  that  feparate  Sweden  from  Nwwuy  ex* 
lend  from  north  to  foulh,  their  weHern  lidei  xrefieep  and  the 
eailemgnWfc,  I.  Bergm.  Erdc  Befchreib.  p.  157. 

3.  The  Carpathian  mountains  run  from  E.  to  W.  iheir 
fouthern  fides  towards  Hungary  are  deep,  iheir  norlhem  to- 
wards Poland  moderate.   Poller,  §  46. 

3.  Dr.  Walker,  profeflbr  of  natural  hi  (lory  at  Edinburgh, 
nbrcTved  thai  the  coads  and  hills  of  Scotland  are  deeper  and 
.higher  on  llie  wedern  fide  than  on  the  ealtern  ;  Jamifon's  Mi- 
tieralogy  of  Shetland,  p.  3,  However,  Jamifon  observed, 
that  the  foulh  Tide  of  the  iQe  ol'  Arrun  is  the  lowefl,  and  the 
north  fide  the  higheii,  p.  5). 

4.  The  mountains  of  Wales  art:  gentle  on  the  caftern  and 
fteep  on  tlie  weAcm  fides. 

5.  The  mountains  of  Parlhery,  in  the  coiuity  of  Mayo,  are 
&.oap  on  the  wellern  fide. 

6.  The  mountains  which  feparate  Saxony  from  Bohemia de- 
fcend  gently  on  the  SaKon  or  northern  fide,  but  are  Aeepon  the 
Bohemian  or  fouthern  fide;  Charpent,  p.  75.  The  loulheni 
declivity  is  to  the  northern  as  fix  to  two,  2d  Bergm.  Joum. 
1792,  p.  381  and  385. 

7.  The  mountains  which  feparate  Silefia  from  Bohemia  ran 
nearly  from  E.  to  W.  yet  are  fteeper  on  the  northern  or  Silefian 
fide  than  on  the  oppofite  Bohemian  ;  AlTemanni  Silefia,  53S. 
Such  brandies  as  run  from  N.  E.  to  S.  W.  have  their  weilem 
covered  witli  primordial  lirata,  and  confequently  lefs  Heep  ; 
4.  New  Roz.  p.  157. 

8.  The  Meiliener  in  Hcfiia  is  fleeper  on  the  N,  and  E.  fides 
wbichfacetheWarra,  ihanou  tbefouthand  wedem;  J.  Bergm. 
joum.  1789,  p.  272. 

9.  The  mountains  of  the  Hartz  and  Habichlfwald  are  deep 
on  the  foulh  and  gentle  on  the  northern  fidts,  Foller,  §  46. 

10.  The  Pyrenees,  which  run  trom  E.  to  W.  are  deeper  on 
(he  foulhcrn  or  Spanidi  fide  ;  Carboniures,  XIII. 

1 1 .  The  mountains  of  Crim  Tarlary  are  gentle  on  (lie  northern 
and  ilcep  on  the  fouihc.rn  fides,  Foller,  ibid. 


In  Afxa. 
12.  The  Ourals,  which  ilrelch  from  N.  to  S.  orefarfleeperin 
on  theweflem  ihan  on  the  fou them  tides;  Herman  Geologic, 
p.  90,  and  2d  Ural  Berdireib.  p.  3S9. 

.  1 3.  The  mountain  of  Armenic  to  the  weft  of  the  OuraU  ii 
fieep  on  its  E.  and  N.  fidea,  but  gentle  on  the  routhern  and 
weftern;   1.  Pallas  Voy.  p. '277. 

1 4.  The  Allaifchan  mountains  are  Deep  on  their  fouthern 
and  weftem  fides,  but  gentle  on  the  northern  and  eaftcrn ; 
Foller,  ibid,  and  Herman  2d.  Ural  Befchreib.  p.  390,  in  the 
oolc. 

15.  So  alfo  are  the  mountains  ofCaucafus,  3d.  Schrift,  Berl. 
GefcJfch.  471. 

16.  The  mounlaini  of  Kamlkalfka  are  fleep  on  the  eafiera 
fides,  Palla*,  1  Afl.  PetropoL  1777,  p.  43. 

.  17.  The  Gl, -uLi  in  the  Indian  peninfula  are  fleep  on  the 
wetiern  fides. 

IS.  The  mountains  of  Syria  which  run  from  N.  to  3.  Ikirl- 
iig  the  Mediterranean,  are  f^d  to  be  deeper  on  the  wefiem  fide 
ftdng  the  Mediterranean;  4.  LaMetherie,  p.  3S0. 


S,   iheir  weftem  flanks  to-  in  Americi 

iflern  defceiid  gradually, 
mountains  that  run  from  £.  to 
(Jeep,  their  northern  gentle ; 


The  Cordelieres  run  from  N.  i 
wards  the  Pacific  are  Ilecp,  their 

In  Guiana  there  is  a  chain  of  I 
W.   their   fouthern  fiank' 
Voyages  de  Condamine, 

To  aflign  thecaufesof  thisalmoft  univerfal  allotment  of  un-Dedi 
equal  declivities  to  oppofite  points,  and  why  the  greated  are  ""'' 
diretied  to  the  wedandfouth,  and  the  gent  left  on  the  contrary 
to  the  eafi  and  nortli,  it  is  necelFary  to  confider, 

I.  That  all  mountains  were  formed  while  covered  with 


Lh  was  univcrfally  covered  with  water  at  The  < 
,  that  of  the  creation,  and  tiiat  of  the  No-  ^  *'■" 


2.  That  the 
two  different  a 
achian  deluge, 

3.  That  in  the  firft  era  we  muft  diftinguilh  two  diflerentTwoa 
periods,  that  which  preceded  the  appearance  of  dry  land,  and 
that  which  fucceeded  the  creation  of  fidi,  but  belijre  the  fea 
Itad  been  reduced  nearly  to  its  prefent  level;    during    the 


i 
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fonner,  the  primaeval  mountains  were  formed,  and  durinj 
ihe  lad,  mod  of  the  fecondary  mounlains  and  ftrata  were 
formed. 

*.  That  sll  mountain,)  extend  either  from  E.  to  W.  or  from 
N.  lo  S.  or  in  fome  intermediate  diredion  between  Ihcfe  car- 
dinal pcHnlt,  which  need  not  be  particubrly  mentioned  here, 
as  ihe  fame  fpecies  of  rcafoning  niiifl  be  applied  to  fhem,  as  lo 
thofe  lo  whofe  afpefl  lliey  approach  moft. 

Thefe  preliminary  circumfjances  being  noticed,  we  are  next 
I  to  obferve  thai  during  the  firft  sera,  this  vafl  mafs  of  water 

-  moved  in  two  general  direfliom,  at  right  angles  with  each 
'  other,  the  one  from  E,  lo  W.  which  needs  not  to  be  proved, 

being  the  courfe  of  tides  which  ftill  continue^  bm  were  in  that 
ocean  neceffiirilyftronger  and  higher  than  at  prefent :  the  other 
from  N.  lo  S.  the  water  tending  to  thofe  vaft  abyfTes  then 
formed  in  lite  vicinity  of  Ihe  foulh  pole,  as  fliewn  in  my  fornief 
eflays.  Before  either  motion  could  be  propagated,  a  confider- 
able  time  raufthave  elapfed. 

Now  the  primaeval  mountains  formed  al  ihe  commencement 
of  the  firfl  a:ra,  and  before  Ihis  double  direflion  of  the  waters 

-  took  place,  mufl  have  oppofed  a  confiderable  obflacle  to  Ihe 
motion  of  that  fluid  in  the  fenfe  that  croffed  that  of  the  direc- 
tion of  thefe  mounlains.  Thus  Ihe  mountain*  that  ftretch  froia 
N.  to  S.  mud  have  oppofed  the  motion  of  the  waters  from 
E.  to  W.  this  oppofition  diminilliing  the  motion  of  thai  fluid 
difpofed  it  to  fufier  the  earthy  panicles  with  wliich  in  thofe 
early  periods  it  muft  have  been  impregnated,  lo  cryftallize  or 
be  depofited  on  thefe  eadern  flanks,  and  particularly  on  thofe 
of  the  highell  mountains,  for  over  the  lower  it  could  eefily 
pais;  thefe  depofitions  being  i nee (Tantty  repeated  at  heights 
gradually  dimimfliing  as  the  level  of  the  waters  gradually  low- 
ered, mud  have  rendered  the  eadem  declivities  or  defcent, 
gentle,  gradual,  and  moderate,  while  the  wedern  fides  re- 
ceiving no  fuch  acccflions  from  depofitions,  muft  have  re- 
mained deep  and  craggy. 

Again,  the  priniicvkl  roountains  that  run  from  E.  lo  W.  hy 
oppofing  a  fimilar  refiftance  to  the  courfe  of  the  waters  fixwn 
N.  )o  S,  mud  have  occafioned  dmilar  depofitions  on  the 
northern  fides  of  tliele  mountains  againd  whidi  ihefe  wttert 
impingei^  Md  thiu  fmoothed  them. 

.-.'..^  ,-•-.  ~.  When 
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Wliere  mounlains  Snlcrrefl  each  other  in  an  oblique  dlrec-  Mouniiin^  rev 
lion,  (he  N.  E.  &<ie  of  one  range  being  contiguous  to  Hie  "^'', °"',''^!"'' 
S.  W.  Ilanki  ol'anotfKT  range,  llierc  llie  afflux  ot* adventitious  depoViLi.   '' 
particles  on  llie  norifi-eall  fide  of  the  one,  mud  have  fre- 
quenlly  extended  to  llie  S.  W.  fide  of  tiie  other,  particularly 
if  that  BffluK  were  (Irong  and  copious;  Ihus  the  F.rz^ebirge  of 
Saxony,  wliich  run  frojn  W.  to  E.  have  their  N.  E.  fides  con-  j 

tiguous  to  the  S.  W.  fide  of  tfic  Itiefengcbirgi!  that  feparale  '       j 

Silelia  from  Bohemia,  and  hence  thefe  latter  arc  covered  with 
the  fame  beds  of  gneifs,  &c.  aslhenorlhemOdesof  the  Sason, 
and  thereby  arc  rendered  fnioolh  and  gentle  comparatively  to 
the  oppofite  fide,  which  being  ilieltered,  remains  fteep  and 
abrupt,  which  explains  the  fevcnth  obfervation. 

Tlie  caufei  here  a^Tigned  explain  why  (he  covering  of  sd-ItwooM  b«  lr>t 
veniilicius  ftrnta  on  the  higheft  moitnlains  is  generally  thinned  heig'htr°l"'' 
at  the  greateil  height,  and  thiclcelt  towards  Hhe  foot  of  the 
mountain,  tor  ihc  bulk  of  the  water  that  coutained  the  adven- 
titious particles  being  proportioned  to  its  depth,  and  the  mafs 
of  earlliy  particles  with  which  it  was  charged,  being  propor- 
lioiitKl  to  the  bulk  of  water  that  contained  them,  it  is  plain, 
thit  as  the  height  ol  water  gndually  decreafetl,  the  depofilioni 
from  it  on  the  higher  parts  of  the  mountaiDs  molt  have  been 
lef^i  copious  than  on  the  lower,  where  they  mufi  have  been 
oflener  repealed. 

Hence,  2.  granitic  mountains,  generally  (he  moll  ancient, 
frequently  have  iheir  northern  or  eailcrii  fides  covered  with 
firataofgneifs  or  micaceous  fliiftus,  and  this  often  with  ar- 
gilltle,  or  primajvul  fand-fione,  or  lime-flone,  thefe  being 
cither  of  fomewhat  laler  formation  or  longer  fufpnidible  in 

Hence,  3.  ditferent  fpccies  of  (lone  are  often  found  at 
dilTurent  heights  ot  itie  fame  (lank  of  a  mountain,  according 
as  the  water  which  conveyed  thefe  fpecies,  happened  to  be 
ililiercntly  impregnated  at  different  heights;  during  ihc  firll 
xta  its  depolitions  formed  ihe  primitive  ftony  malTet,  but  after 
the  creation  of  lilh,  lime-flone,  fand-flonc,  farcililei  and  fe- 
condary  argilliles,  in  which  pifcine  remains  are  found,  were 
depofited.  But  during  the  fecond  ocra,  viz,  that  of  the  No- 
achian  deluge,  by  reafun  of  the  violence  and  irregularity  of 
ils  aggreflion,  the  depofilions  were  more  mifcellaneous  and 
are  found  at  lh«  grcatel)  heights ;  yet  in  general  they  may 

well 
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well  be  diflinguifhed  by  ihe  remains  of  land  animal: 
vegetables,  or  of  both,  which  ihey  prefent  in  their  (Irala  (of 
al  lead  by  the  impretTJons  of  vegetables  which  tliey  bear)  ai 
thefe  muft  have  been  conveyed  after  (he  earth  had  been  in- 
habited. Eut  mountains  regularly  firalified  bearing  fuch  re- 
mains, for  inllance  ihe  carboniferous,  cannot  be  deemed  la 
have  been  formed  in  a  period  fo  lumulluoui.  Daring  this 
deluge  Ihe  vtaters  aHi>  held  a  different  courfe,  proceeding  at 
firft  from  fouth  lo  north,  and  afterward?  in  both  oppofile  di- 
rections, as  (hewn  in  treating  of  that  calafirophe  in  my  fecond 
elTay. 

Biecptioni  from      Hence,  and  from  various  contingent  local  caules,  u  partial 

iMlanfo.       inundations,  earthquakes,  volcanos,  the  erofion  of  rivers,  the 

clapCon  of  Ilrat.i,  diiintigration,  the  difruption  of  the  lofly 

mounds  by  which  many  lakes  were  anciently  hemmed  in,  fe- 

^veral  changes  were  produced  in  particular  countries  that  may  at 
BiH  fight  appear,  though  in  reality  they  are  not,  exceptions 
lo  the  operations  of  Ihe  general  caules  already  Hated. 
laOfncuJ  Thus  the  mountains  of  Kamfkaltka  had  their  eatlern  flanLs 

torn  and  rendered  abrupt  by  the  irruption  of  the  general  de- 
luge, probably  accompanied  by  earlliquakes.  And  thus  the 
IMeilTener  had  its  E.  and  N.  Hanks  undermined  by  the  river 
Warra,  as  Werner  has  (hewn  ;  thus  the  eighth  and  lixleenth 
obfervalions  are  accounted  fur,  as  is  t!ie  thirteenth,  by  the  vaA 
inundations  fo  frequent  in  this  country,  I  Pallas,  p.  172,  which 
undermined  or  corroded  its  E.  fide,  while  the  weflem  were 
fmoothed  by  (he  calcareous  depolitions  from   ibe  numerous 

DifTerCDt  rpeciei      Hence,  +,  we  fee  why  on  different  fides  of  lofty  mountains 
^J^''^^'"^.^)^^  different  fpccies  of  (tone's  are  found,  as  Pallas  and  SaufTure 
cnt  fidei  of         have  obferved,   2  Sauff.  ^  981,  a  circumfiance  which  Sauflure 
noDDUuii.         imagined  almoli  inexpHtable,  but  which  Dolomieu  has  fince 
happily  explained,  by  tliewing  that  Ihe  current  which  conveyed 
the  calcareous  fubllances  to  (he  northern,  eafiern,  and  north- 
eafiern  fides  of  the  Alps,  for  infiance,  was  (lopped  by  the 
height  of  thefe  mountains,  and  thus  prevented  from  conveyiDg 
them  lo  Ihe  fouthcrn  (ides,  and  thus  the  north-eallern  fides 
were  rendered  more  gentle  than  the  oppofite,  3,  New  Kotx. 
p.  425.  conformably  (o  the  theory  here  given. 
laterFeplioni.  Hence,  i.   whure  feveral   lofty  ridges  run  parallel  to  each 

pther,  it  mnft  frequently  happen  that  the  external  (bpuld  in- 
tercept 
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tercept  (he  depofitions  that  do  nol  furmounl  them,  and  Ihus 
leave  the  internal  ridges  Keep  on  both  (ides. 

Hence,  6.  low  granitic  or  other  ptimilive  hiUs  ace  fre-  Low  m 
quently  nncovered  by  adventilioui  (Irala  on  all  fides,  as  at 
Phanet  in  die  county  of  Donegal,  or  are  covered  on  all  fides  i 
the  impregnated  waters  either  eafily  pafiiiig  over  them,  or  flag-  1 

Hating  upon  them,  according  to  the  greater  or  lefs  rapidity  of  3 

its  courfi',  and  llie  obflacks  it  met  with.  I 

The  twotbld  motion  of  the  ancient  ocean  is  noticed  both  by  Rinuilu  on  tbm 
Sufibn  and  Bergman,  but  neither  of  them  have  deduced  from  g"^"^ 
it  the  true  explanation   of  the  phenomena  of  which  we  here  Uergaaaa, 
treat :   Buffon  Attributes  the  formation  of  fccondary  mountains  i 

to  dcpofilion  or  fediments  from  the  fea  alter  the  exillence  of  < 

lilh,   1.  Epoques,  p.  1*3,  in  Bvo.  which  he  fays  invefted  the  i 

bafes  of  mountains  without  noticing  any  difiinflion  of  fides, 
p,  Ij'-l-and  170.     He  thinks  thefc  Tediments  were  equally  con-  ' 

veyed  from  both  poles  towards  the  equator,  for  it  is  the 
equatorial  regions  thai  he  thinks  Ihofe  miglily  caverns  opened,  ^ 

towards  which  the  primitive  ocean  was  impelunully  borne  and  j 

in  which  it  was  ingulphed,  p.  ISl,  IR2,  and  IBS.  if  fo, 
fimilar  declivities  Oiould  be  formed  on  the  fouthern  as  un  the  | 

northern  fides  of  mountains,  which  Is  contrary  to  tlie  obferved 
fafls.  His  esplanalion  of  the  caficrn  and  wcflern  declivities  U 
defe^ive  and  erroneous,  for  he  altribules  the  abruplnefs  of  the  •  { 

weftecn  fides  to  the  erofion  of  the  roalls  on  that  fide  (an  ero-  ' 

fion  that  C!cills  only  in  fancy)  and  the  fmoothnefs  of  the  eallern 
to  the  gradual  deferlion  and  retreat  of  the  fea  on  that  fide,  i 

p.  184.  and  1S5,  a  retreat  equally  Mllious,  as  De  Luc  has  ^ 

well  Ihewn.     Whereas  Cnce  the  general  motion  of  the  fea  it  S 

from  E.lo  W.  iftheeiofion  were  of  cither  fide  it  fliould  rather  [ 

be  DO  the  eallern  than  on  the  weftcm  j  befides,  if  the  gentle  I 

declivities  of  the  eaftern  fides  of  mountains  arofe  from  the  gra-  I 

dual  retreat  ol  the  Tea,  the  pelrifaft  ions  of  the  fecondary  raoun-  J 

tains  thus  formed  fliould  confiil  of  fuch  lhell-fi(h  as  inhabit  ! 

(hallow  feas  or  (hores,  whereas  they  confitt  chiefly  of  thofe 
called  pelagka,  which  inhabit  ihe  greatefl  depths  *. 

With  refpeft  to  the  eafiern  and  weftern  declivities,  Mr.  .j 

Bergman's  account  of  the  origin  of  theit  inequality  agrees  ex-  t 

aaiy  with  mine,  2.  Bergm.  Ecdeklotet  %  183  and  187,  but  he 

•  '2,  B«rgm.  Erdckugel,  p.  315. 
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feil£  in  accounting  for  the  ine<|ualtty  of  the  nortl^ern  and  fouUi* 
em,  for  he  fiippofei  Che  courfe  ot  ihe  water  (o  (end  etjually 
from  both  pole;  towardt  the  Squalor  which  would  render  ihe 
depofitions  equal  on  both  (ides,  which  ii  contrary  lo  obfeiva> 


Piopafed  new 
brincli  of  We» 
laUt  commerce. 
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XIV. 

A  Memoir  on  Ammal  Cotton,  or  the  InJiA  Fig-Carrier,  By  M. 
Baudht  DBS  LociEKES,  Member  oj  Jtveral  Aeadcmiet, 
and  Founder  iff'  the  Society  qfSdeiKes  and  Arta,  at  Cape  Fran- 
cou.     (American  Traiif.  V.) 

Gentlemen, 

HeFORE  I  enter  upon  the  fubjeB  of  this  memoir,  I  ought 
to  pay  the  tribute  of  prai  fe  which  is  due  to  due  to  your  ufeful 
labours.  But  the  llyle  of  eulogy  is  ill  fuitcd  to  the  plainnefs 
of  an  American  farmer,  and  while  you  are  conflant!yempIo)cd 
in  drfcrving  praife,  you  cannot  fpare  lime  lo  ktar  it. 

I  am  row  going  to  co.nmiinicaie  lo  you,  with  feme  obfer- 
vatiom  upon  it,  a  fi&  of  entomology  which  I  have  myfelf 
wilnelTed  during  my  refidence  at  St.  Domingo,  and  which,  if 
I  am  not  miflaken,  deferves  your  grealell  attention,  becaufe 
it  may  introduce  a  new  brancli  of  commerce  with  the  Weft 
India  colonies,  and  render  very  ufeful  an  animal  which  has 
hitherto  been  known  only  by  (he  mifc-hief  which  it  occafiom. 

Every  Inhabitant  of  the  Weft  Indies  knows  and  dreads  the 
greedy  worm  wliich  devours  their  indigo  and  caffada  planta- 
tions. But  people  have  hitherio  turned  their  allenlion  more 
lo  the  means  of  deflroying  it  than  of  rendering  it  ufeful.  It 
is  indeed  very  natural  lo  endeavour  lo  deftroy  our  enomy, 
but  to  compel  him  lo  be  of  fcrvice  lo  us  is  by  far  the  greatu 


reatu       J 
(■here.       " 


L. 


Jli  Birth,  Gra-M,  and  Death. 
The  calTada  worm  is  produced  like  the  filk  worm,  that 
fay,  from  Ihe  eggs  which  the  mother  fcalteri  every  where, 
after  Ihe  has  undergone  her  melamorpholis  into  a  whililh  but- 
terfly, 01  of  a  light  pearl  colour, 

The 
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The  egg  is  hatched  abont  the  latter  end  of  July,  lit  deve- 
ktpetnent  is  quick,  for  in  September  ihe  worm  is  changed  into  ^^ 

■  buKerfly.  ^^M 

This  month  of  September  is  the  feafon  of  his  loves.  The  ^^^H 
conltanl  motion  of  Ms  wings  Ihews  the  ardency  of  his  palTion  ^^H 
which  tie  indulge*  day  and  night  and  even  while  feeding.  ' 

The  excefs  of  this  indulgence  foon  deltroys  him,  he  dies  in  the 
fame  month  after  violent  convulfians. 

I  have  faid  that  his  liti:  begins  at  the  end  of  July-  He  i( 
decked  at  hta  birth  with  a  robe  of  the  moll  brilliant  variegated 
colours.  This  elegant  livery,  which  nature  feems  to  have  de> 
lighted  in  forming,  renders  him  always  agreeable  to  the  eye,  ^^H 

which  always  dwells  upon  it  with  pleafure.  ^^H 

It  has  appeared  to  me  to  be  a  fmooth  caterpillar  whofc  eit-  Eitenut  Ap- 
lernal  (hapc  is  exaflly  like  that  of  the  filk  worm.  p«»n«i,  ht. 

It  differs  however  from  it,  by  its  fize,  by  its  tlucknefs,  and 
by  the  beauty  of  its  colours. 

It  again  dilfers  from  the  filk  worm,  becaufe  it  does  not  itfelf 
work  the  cone  which  t  am  gwng  to  fpeak  of. 

I  leave  it  to  the  learned  to  delineate  ili  external  configura- 
tion, and  to  determine  upon  the  family  of  infefls  to  which  it 
belongs.  I  lliall  only  fay  that  1  do  not  believe  it  has,  like  the 
filk-wotm,  an  inteftinc  going  in  a  direfl  line  from  the  mouth 
to  the  anus,  becaufe  it  appears  to  me  that  this  caufe  of  elabo- 
ration would  not  have  the  fame  dellination. 

}ta  Food. 

It  feeds  on  caflkda  leaves,  of  which  it  isextremely  greedy.  Food. 
It  fceds  at  all  liours,  day  and  night.     It  alfo  nibbles  the  leavej 
of  the  polatoe,  this  is  however  but  a  Iraufitory  tafte,  it  foon 
returns  to  the  calTada  leaf, 

I  have  to  obferve  that  after  it  has  taken  its  food,  when  the 
time  of  its  melamorphofis  arriyes,  it  does  not  purge  itfelf  by 
diet,  like  the  filk  worm,  but  continues  to  eat  to  the  laft  mo- 
ment. 

The  Approach  qf  iU  Metatnarphofes. 
In  Ihe  month  of  Auguft,  and  when  on  the  point  of  under- Tim 
going  its  melamorpholis,  it  ftripsoff  its  fupetb  robe,  and  puts""' 


^ 
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on  one  of  an  admirable  fea-green,  Ihis  fundamenlal  colour  re- 
flefls  all  its  various  (hadej,  nccoidiog  lo  the  difierent  undula. 
lions  of  the  aniraal,  and  the  different  accidents  of  light. 

Thr  Siiiig  if  the  Ichneumon  fij/. 
Inuuiiiiu  dcpD-  Xhis  new  decoration  is  the  fignal  of  its  lorturet.  Iroio©- 
dTo'Xd.  rf  ■I'^'^'y  »  ""warm  of  icbiieumon  flies  a/Tail  it.  1  think  I  am  not 
mi  in  iu  body,  miftaken  wlien  I  allien  that  there  is  not  one  of  its  potes  lliat 
has  not  one  of  ihofe  Hies  Aliened  lo  it.  There  is  even  no  ne- 
ceflity  of  making  ufe  of  the  mictofcope  to  fee  that  he  is  co- 
vered with  them. 

Id  vain  he  llruggles  with  all  hia  might,  raifes  himfelf  up- 
right to  get  rid  of  liii  cruel  tormentors — He  mufi  fubmit, 
Thofe  flies  of  ihe  fmalleft  fpecies,  and  which  can  only  be 
fludicd  by  means  of  the  microfcope,  drive  their  flings  into  the 
(kin  uf  Iheir  viflim,  over  ihe  whole  extent  of  hi)  back  and 
fides.  Afterwards,  and  all  at  the  fame  time,  they  flip  their 
eggs  into  the  botlom  of  the  wounds  which  tliey  have  made. 

After  having  performed  this  dreadful  operation,  the  ichneu- 
mon flic;  difappear,  and  the  patient  remains  for  an  hour,  in 
a  drowsy  and  eveu  motionlefs  Hate,  out  ol  which  he  awakent 
to  feed  with  his  former  voracity.  Then  he  appears  much 
'  hrger,  and  his  lize  Increafes  every  day.  His  green  colour 
alTumes  a  deeper  hue,  and  the  tints  produced  by  the  reflexion 
of  the  light  are  more  flrongly  marked.  The  animal  in  this 
flate  of  tafiiiious  pregnancy,  tt  1  may  fo  exprefs  myfelf,  i» 
worthy  of  all  the  alteoiion  of  the  obferver  of  nature. 

I   (hall   not  undertake  ihe  defcrlption  of  tlie  ichneumon  fly. 

t  is  ivell  defcribed  in  ihe  books.     If  I  have  obferved  a  dil- 

w^ereace,  it  is  the  lame  which  exifls  between  the  Kuropean 


gnat  and  the  i 
Wefl-India  flic 

ties,  which  i 


ivfijiatoc  of  hot  regionfi, 
i  are  of  a  Icfler  lize- 
to  dtfctibe  the  operalio 
extremely  fmall,  perfo 


of  their  coming  into  the  world 
whether  ihis  expreiHi 


A  fortnight  aflec  Ihe  iciti 


that  Js  to  fay,  that  our 

1  which  the  ichncu: 
■at  at  the  very  mom$i 
k'il!  judge,  gentlei 


^ 


have  thus  cruelly  de> 
pofited  their  eggs  by  perforating  the  aofortunalc  callada-wonn, 


cry  af  the    I 
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that  ii  to  fay,  fomc  time  in  iLe  month  of  AuguR,  thofe  eggs 
may  be  feen  by  the  help  of  a  microfcope,  hatching  on  the  body 
of  that  animal. 

Thofe  eggs  are  all  hatched  at  the  fame  moment,  and  !t  is  Blftory  of  the 
impofllble  lo  catch  ihe  mora!  point  of  lime  which  may  intervene  " 
between  the  birtli  of  one  and  tlial  of  another.  At  one  glance, 
the  calfada-worm  is  Teen  covered  with  all  the  little  worms  that 
have  jull  been  hatched.  They  ilFue  out  of  him  at  every  pore, 
and  that  animated  robt  covers  him  fo  entirely,  that  nothing  can 
be  perceived  but  the  top  of  his  head.  He  then  turns  to  a 
dirty  white,  the  little  worms  appear  blaclL  lo  the  eye,  but  their 
true  colour  \i  a  deep  brown. 

This  operation  lafls  hardly  more  than  an  hour,  and  is  fol- 
lowed by  another  which  is  not  much  larger  but  which  is  much 
more  curious. 

As  foon  as  the  worms  are  hatched,  and  without  quitting 
the  fpot  where  the  egg  is  which  they  have  broke  through, 
they  yield  a  liquid  gum,  which  by  coming  into  contafl  with 
the  air,  becomes  folid  and  (limy. 

At  the  lame  time,  and  by  a  fimullaneous  motion,  they  raife 
themfelves  on  their  lower  extremity,  (liakc  their  heads  and 
one  half  of  their  bodies,  and  fwing  themfelves  in  every  direc- 
tion. Now  is  going  lo  begin  an  operation  which  will  afibrd 
the  greateR  delight  lo  the  admirer  of  nature. 

Each  of  ihole  anhnnkuUt  works  himfelf  a  fmall  and  almoll 
imperceptible  cocoon  in  the  (liape  of  an  egg,  in  which  he 
wraps  himfelf  up.  Thu^,  they  make,  as  il  were,  their  wind- 
ing Oieet.     They  feem  to  be  bori>  but  lo  die. 

Thofe  millions  and  mlllioiis  of  cocoons,  all  clofetoeach 
other,  and  the  formation  ol*  u  hich  has  not  taken  two  hours, 
form  a  white  robe  in  which  ihe  calfad^-worm  appears  ele- 
gantly  clothed.  While  tliey  are  thus  decking  him,  he  remwnt 
in  ft  ftate  of  almofc  lethargic  torpidity. 

As  foon  as  this  covering  is  woven,  and  the  little  workmen 
who  have  made  it  have  retired  and  hid  themfelves  in  their 
cells,  Ihe  worm  endeavours  lo  tid  hinifelf  of  Ihofe  barbarous 
guefis,  and  of  the  robe  which  contains  them,  but  he  does  not 
(iiGcecd  in  this  attempt  without  ibo  grealefl  ciToris- 

He  comes  out  of  this  kind  of  enclofure,  entirely  flaccid  and 
dull,  inflead  of  hi>  former  tat  and  lliining  appearance,  hi 

hqw 
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now  appears  flabby,  wrinkled  and  dirty,  and  givei  hhn  the 
appearance  of  decrepilude.  He  it  now  an  cxhsufled,  fuflin'- 
tng  being,  threatened  with  approaching  death. 

He  will  flill  gnaw  a  few  leave*,  bnl  he  no  longer  eals  wilh 
that  voracious  appeiiie,  which  indicated  an  aftive  and  rigo- 
rou»  conftiluiion.  Shortly  aflerwardi  he  pafTet  to  the  ftote  of 
a  chryfalis,  and  after  giving  lito  to  thoufands  of  eggs,  he  fud- 
denly  lofei  his  own,  leaving  to  the  cultivator  who  has  not  yet 
bethought  himfelf  of  caicalaling  tlie  advantage  that  he  may 
draw  from  him,  an  advantage  which  may  be  To  improved  at 
lo  much  more  than  compenfate  the  ravages  which  he  occaliors. 

Shdl  qf  tiie  Iclmeumon  Fli/. 
Sb«ni>rdie  I  had  imaghied  that  the  thoufandi  of  little  worms  which 

kbacuiDoa  flj.  ,j,i,  (hell  contains  in  thu  cocoons  of  which  it  is  compofed, 
I  would  be  hatched  feme  day,     1  fliul  it  up  therefore  in  a  box 

H^  clofed  with  great  caution.     Every  morning,  and  very  often  in 

^L  the  courfe  of  the  day,  I  examined  it,  in  order  I o  calch  the 

^^^^^H      moment  when  thoie  httic  aoimalt  were  to  be  born  a  fecond 


In  fad,  at  the  eKpiralion  of  about  eight  day;,  I  found  ibe 
inlide  of  (he  box  lined  with  a  cloud  of  little  flies,  I  made 
tnyfelf  certain  that  they  iffued  out  of  the  little  cocoon.  Se- 
veral which  ifltied  out  of  them  before  my  eyes,  left  me  no 
doubt  as  Id  the  {a€t. 

I  then  took  up  fonie  of  thofe  flie>,  and  putting  them  on  b 
pincer,  I  examined  them  with  a  microfcope. 

They  are  bold  and  lively:  they  have  four  wings.  Tbeir 
antennas  are  long  and  vibrating,  their  belly  hangs  by  »  very- 
fine  thread  :  there  are  fume  that  have  a  tail,  and  others  that 
do  not  (hew  it.  Afterwards  I  fatisfied  myfelf  that  they  feed 
npon  fmall  infefls  that  appear  to  be  of  the  family  of  Aeanu. 
Thofe  indications  appeared  to  me  fufficlent  to  be  (alis^ed  that 
they  belong  lo  the  liimily  of  the  ichneumon. 

Objh-taUoTUi  on  An'iTnal  Cotton. 
I  have  often  held  in  my  hand  that  cotton  Ihell  or  wn 
!    Its  whitencfs  is  dazxiing.     As  foon  as  the  flies  have  quil 
the  cocoon,  it  may  be  ufed  witiiout  any  preparatory  precaU' 
lion.     !t  IS  made  up  of  the  purelt  and  tineft  cotton. 
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]  call  it  coHm  becanfe  it  it  i^'i>-eiedricKnd»p«rviouitolhe«(>'>dua>dc&i-i 
deflric  fluid.  *"''' 

i  add  to  this  denomination  the  epithet  ammal,  in  cootr^  I 

diftinflion  to  comnion  cotton,  which  may  henceforth  becalled  j 

vcgeiabU  coUon,  fo  (hat  the  two  Tpeoies  may  be  dininguifhed  i 

from  each  other  by  their  iiamra,  as  they  are  by  their  ori2;in, 
although  they  are  very  nearly  related  to  each  other  in  their 
effefls. 


3  to  be  obferved,  (hat  what  might  be  called  cob-Ktb  m  ■!«  *lwlt 
;  coverijig  of  tlie  fiy-carrier,  or  fmall  (locks  of  lilk  which  '^^'^'^' 


'.  probably  intended  to  fhelter  (he  animal  from  the  n 
far  fuperior  to  what  is  called  ferrit  before,  and  fieet  ftlk  after 
the  preparation  of  the  finer  filk.     There  i;  no  refufe,  no  infe* 
rior  quality  in  animal-cotton,     Every  thing  in  it  is  as  line  and 
beautiful  as  can  be  imagined. 

It  is  pofTiblc,  if  we  may  form  a  j  udgmeiit  by  analogy,  that 
medicine,  which  has  ektracted  from  filk  what  is  called  EngUJh 
4rops,  a  remedy  to  which  the  greatell  efiicacy  i«  attributed, 
may  derive  a  fimilar  advantage,  peihaps  for  the  cure  of  other 
diforden,  frojn  an  extrafl  of  tlie  animal  cotton,  whicli  might 
bo  called  the  Si.  Dontingo  drops. 

In  fliort  there  is  no  need  here  of  any  of  the  precatitkiiu 
which  the  filk.worin  requirei.  The  robe  which  covers  the 
fly-carrier,  is  worked  every  where,  and  every  where  perfeflly  | 

well. 

1  fliall  only  obferve  that  as  the  rain  fpeedily  dellroys  the  Caui!an  ignint) 
•alTada-worm,  the  inlianl  might  be  feized  on  when  the  ich-  '""" 
neutnon  fly  has  depoliled  her  eggs,  to  put  the  fly-carrier  under 
Hielter,     His  natural  food  might  be  procured  for  him,  as  is  ^^^H 

done  with  the  Glk-worm.  ^^H 

The  ichneumon  tly  never  fails  thus  to  come  and  depofitc  ^^H 

her  eggi.     I  have  never  feen  a  fly-e»rrier  that  was  not  covered  ^^^ 

with  the  robe  or  iliell  that  I  have  fpoken  of.  I  have  continued 
this  obfcrvalion  fur  manv  years,  and  the  crop  wai  fo  abundant, 
that  1  alone,  could  collefl  in  lefs  than  two  hours,  the  quantity 
of  one  hundred  pints,  French  meafure. 

I  repeat  n,  animal  coilon  is  attended  with  none  of  the  dif-  Animil  coiion 
Acuities  which  occur  in  the  preparation  of  ^"^8***"^'^  cotton.  |^^^|."'j|j^^ 
It  is  fo  pure,  that  as  fuon  as  the  ichneumons  have  left  it,  which  is  the  vtgetibl*. 
happens  eight  or  ten  days  after  .tlieir  reclulion,  it  romj  be 
carded  and  fpun. 

If 
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If  it  flioald  want  any  prepaiutlon,  it  coutd  be  only  in  cafe 
it  flioulii  not  have  been  fuificicntly  guarded  agaJoA  dud  ani 

Vegetable  C(jHon,  befntes  the  feeds  thai  produce  it  and  with 
which  it  is  charged,  is  filled  wiih  extraneous  matter,  of  which 
it  cannot  be  freed,  but  with  a  minute  attention,  many  hands 
and  much  time,  or  with  the  help  of  machines  which  have  not 
jct  been  brought  lo  perfeclion. 

In  every  point  of  view,  animal  cotton  appears  to  me  to  have 
a  great  fuperjority  over  iliat  of  the  vegetable  kind. 

It  will,  perhapji,  be  wondered  al,  that  experience  has  not 
long  ago  afcertajned  this  fact,  but  li^l  it  be  ronfidered  that  the 
filk.-worm  and  its  ufe,  were  known  long  before  any  ufe  was 
made  of  them,  and  that  we  are  now  carefully  repairing  the 
lolTes  that  we  have  fullered  by  the  carelefs  indifTeience  of  our 
fore-fatliers. 

The  (ly-carrier  may  experience  llie  fame  fate,  becaulc  it  is 
lefs  difficult  to  reafon  dian  to  make  experiments,  but  I  dare 
hope  that  as  foon  as  it  fliall  have  prevailed  over  the  fopbiilry 
of  indolence,  it  will  fiand  tlic  competition  with  filk  and  vege- 
table cotton.  It  is  more  abundant  than  either.  It  requires 
I  lefs  time  and  lefs  trouble  to  procure  it. 

Thiicoitan  1  have  but  one  word   more  to  add.     Silk  and  vegetable 

oukci  good  lint,  cotton  ferve  only  to  envenom  and  inflame  wounds,  which  is 
attributed  lo  the  afpetilies  of  Ihcic  filaments ;  I  have  frequently 
^c  employed  animal  cotton  as  Imt  in  the  hofpitai  of  roy  planta. 

■  tion,  it  has  always  fupplicd  the  want  ut  that  made  of  flaxcB 

fc^  linen,  and  I  have  not  obl'i;rved  the  fmalleft  inconvenience  to 

^^^^^^        arife  from  the  ufe  that  I  have  made  of  it. 

^^^^^H  Had  it  not  been  for  thi:  troubles  that  have  laid  our  colony 

^^^^^B        walle,  and  which  have  prevented  the  neceflary  commuuica- 

^^^^^H        tion,  1  ftiould  liave  brought  to  you  a  fly-carrier  in  every  one 

^^^^H        of  the  periods  of  his  life.     Vou  would  have  feen  the  eggt, 

^^^^^V        the  magniiicent  robe  with  which  he  is  decked  at  his  birth, 

^^  the  kind  of  food  that  he  is  fond  of,   the  fimple  but  noble  vefl- 

W  ment  in  which  he  wraps  himfelf  up  on  the  approach  of  his 

P   ;  tormentors,  you  would  have  leen  thofe  covering  his  whole 

>  body  as  it  were  with  points,  you  would  have  feen  him  Co* 

veied  with  hit  (hell,  and  that  fame  ihcll  carded,  fpun  and  ready 

for  the  weaver.     I  Iiad  in  a  great  degree  already  executed  this 

defign. 

But 
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But  tl  is  too  well  known  that  I  have  not  been  nbk  (o  fave 
any  thing  in  my  flight  from  home,  you  will,  liowever,  be  able 
at  a  future  day  lo  afcetlain  the  irulh  of  ihe  fa€t  that  I  have 
flalcd  to  you.  I  thought  that  a  faft  of  this  nature  deferved  lo 
be  depoliled  among  your  archives,  and  I  may  perhaps  requell 
of  you  the  perroif&on  of  depofiting  there  foue  other  ftill  more 
curioDS  fafts, 

Bt.  DES  LOZIERES. 
Philaddphia,  Feb.  3,   1797. 
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An  EJfas  on  the  Fecula  of  Greai  Planti.     Bi/  Prnfi/or  Pro  ti ST. 

HiLAIRE  ROUELLE  is  the  iirft  whodifcovered  a  fubflance  Op! 

in  the  green  fecula  analogous  to  the  gluten  of  flour.   This  fub-  ^""^'l,^' 

fiance,  lince  that  lime,  lias  never  appeared  doubtful,  bccaufe  piun  coobia 

there  are  few  chemills  who  have  nut  feen  its  true  charaflers,  """""f"  *'"' 

The  fecula,  of  which  it  is  die  ball;,  in  the  opinion  of  Four-  Routik  ikcno 

croy,  is  only  on  imaginary  being,  or,  at  moll,  it  has  been  too 

nightly  examined  to  be  admitted  in  the  number  of  immediate 

vegetable  produSs ;  he  even  proceeds  fo  far  as  to  fuppofc  that 

the  albumen,  that  animal  produ^,  K'hich  no  one  ever  facfijie 

fufpefted  lo  be  contained  in  plants,  is  the  fubftancc  which 

ought  lo  be  admitted  inltead  of  the:  glutinous  part  of  grecD 

fecula. 

Are  albumen  and  gluten  found  together  or  fcparate  in  the  are  both  haai 
juice  of  plants  ?  This  is  the  queltion  I  have-  propofed  lo  folve, '"  P'""' 
and  I  (hall  endeavour  to  refolvc  it  in  this  part  of  my  obferva- 
tiiins  on  his  "  Syflem  of  Chemical  Knowledge." 

To  fave  my  readers  the  trouble  of  turning  to  the  work,  I 
lliall  copy  the  palTage  in  which  the  auliiur  has  collefted  tlie 
&£ls  and  arguments  upon  which  he  has  formed  his  judgment. 
This  paiTagc  Is  11111  more  remarkable  for  the  difference  it  pre- 
fents  between  bis. manner  of  charaCietlfing  other  vegetable 
produfls,  and  tliat  of  the  cheniifls  of  the  prefent  day. 

''  Rouelle  the  younger,  who  examined  and  particularly  Qugt,t'„^ 
cunipated  it  with  animal  matters,  alTerts  that  he  has  found  it  Fourcroji. 
in  the  coloured  feculx,  and  efpecia-lly  in  that  which  is  called 
the  green  fecula  of  plants.     Bui  the  name  of  fecula  being 
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given  indifTerently  (o  ihc  librnu;  mstler  contained  in  tlie  juice 
of  plants,  and  lo  ihe  ftarcli,  has  induced  chemifti  tocon6ileT 
Ihc  latter  as  part  orilie  tefulae  of  folid  vegetable  fnbflance^, 
and  there  is  reafon  to  think  thai  it  was  only  by  analogy,  or 
perhaps  by  certain  equivocal  propertief,  tliat  Rouelle  be- 
lieved the  green  matter  contained  any  of  the  glutinous  fub- 
Ji.mces ;  fubfequent  experiments  at  lead,  and  fuch  as  I  have 
many  limes  repeated  on  coloured  fcculx,  have  not  yielded 
me  the  confirmation  of  this  alTeilion,  nor  has  any  thing  been 
afcertained  with  certainty,  tiiat  the  gluten  is  one  of  the  prin- 
ciples of  this  tatter  fccula." 

The  namcof  fecula,  fays  Fonrcroy,  being  given  ifiiiJ^tB(/y 
to  the  fibrous  matter  contained  in  the  juice  of  plants,  and  to 
the  iiarcb,  has  induced  chemiUs  to  confider  the  latter  »t  part 
of  the  refidue  of  folid  vegetable  fubflances,  and  there  is  rea- 
fon, fee. 
'  I  Ihall  Hid  notice  that  this  opinion  is  not  corrc^  For  ex- 
ample, the  chemills  of  the  prefent  day  will  never  agree  with 
Fourcroy,  that  the  confution  ortfing  from  the  improper  appli- 
cation of  terms,  of  which  later  chemirts  have  juftly  complained, 
has,  by  a  nccdFury  confequence,  produced  inaccuracy  in  thofe 
who  have  preceded  us.  Oiu  matters,  it  is  true,  gave  bad  namei 
to  things,  but  they  did  not  confound  them  more  than  we  do. 

Lveij  at  the  time  when  every  vegetable  precipitate  -was 
called  a  fecula,  the  fimilirity  of  terms  never  mifled  them  fo 
far  aa  to  caufe  theni  to  confound  Ihe  (larch  with  the  refidue  of 
the  folid  parts  of  plants.  Firll,  we  are  not  acquainted  with 
any  refidue  of  this  defcription,  to  which  cheroitls  can  reafon- 
ably  compare  it  I  and  fecondly,  ifanyof  them  did  take  the 
green  fecula  for  a  relidue,  there  was  not  one  of  them  who 
did  not  pcrfeflly  know  the  difference  between  this  fecula 
or  refidue  and  flarch  ;  and  as  no  fuch  confulion  is  lo  be  found 
in  their  works,  the  reproach  is  unjuft  ;  we  need  only  look  into 
tliofe  of  Rouelle,  Macquer,  Baumd,  Sage,  Parmcntier,  &c. 
lo  be  convinced  that  the  term  of  fecula  ha;  never  milled  thefe 
authors  into  afSmilations  fo  difcredilable  lo  their  judgment,  ai 
to  place  in  the  fame  rank  the  green  fecula,  the  refidue  of  the 
folid  parts,  and  the  llarch. 
I  We  will  now  proceed  to  the  green  feculx,  and  aiHrm,  that 
j"  in  the  laboratories  in  pharmacy,  and  ftill  lefs  in  the  hands  of  a 
chemifl  fo  celebrated  for  accuracy  of  obfcrvation  as  Rouelle, 

the 
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the  broken  fibres  of  green  pUnfs  have  never  been  confounded 
with  thai  beautiful  foft  liquid  expreffed  from  Iheir  leaves,  or 
with  that  emiilfive  proJofl  which  palTes  pure  through  the 
ftrainer,  and  which,  by  its  excelTivelinencfs  and  the  brilliancy 
of  its  colour,  differ*  fo  very  much  from  Uic  herbaceous  fila- 
ments. 

Again,  if  il  were  true  that  the  fecula  were  a  body  homogene-  Iti  ftaw  of  dlf- 
ous  with  the  reft  of  the  plant ;  if  it  were  poflible  to  conGder  it  f"^f|^^' 
as  in  no  refpefl  different  from  the  other  parts,  but  by  being grinilin(., 
more  briiifed,  would  it  not  be  pofltble,  by  compleating  the 
trituration  of  the  remainder,  to  convert  it  alfo  into  fecula? 
When  a  frelli  plant  h  bruifed  by  the  pelUe,  it  h  broken  fmall  j  ^^_ 

its  texture  is  dellroyed,  but  it  is  not  pulverized.  ^^H 

This  crulbing  for  a  few  moments,  differs  loo  much  from  a  ^^^| 

dry  pulverization,  to  admit  of  any  com  pari  fon  between  the  ^^H 

fecula  fo  produced,  and  amoittened  powder.  When  an  aque- 
ous juicy  plant,  a  fedum  for  example,  iscrullied  with  a  rollur 
on  the  nab,  its  expreffed  juice  will  afford  fecula.     Certainly  ^■ 

it  is  not  to  the  trituration,  that  a  fecula  is  indebted  for  ita  iofU  ^^^^ 

ncfs,  its  finonefs,  and  the  impalpability  which  diftinguiflies  It  ^^^| 

from  powden.    It  is  molecular  in  its  own  nature,  and  is  even,  ^^| 

perhaps,  crytlallized  in  thofe  fibrous  cavities  where  it  is  de- 
pofited  by  vegetaliun. 

Rouelle  afferls  according  to  Fourcroy.  that  the  feculz  Thcaoflrlntiof 
conlams  a  prmcipte  fimilar  lo  animal  matters,  &c,  Rouelle  ^^j  „j^  ,!]■„_ 
does  more  than  thai:  little  contented  with  limple  affertions,  ^n'' Ii"!  ciur 
lie  proves  it,  not  by  analogy  or  equitorid  properlief,  but  by  a ,>om nuntctoa* 
fucceffion  of  convincing  fafii,  by  approximations  which  havefaCti. 
been  untvcrfally  admitted,  becaufe  they  combine  together  ihe 
moft  prominent  tharaflers  which  were  then  known,  or  are 
even  yet  known,  to  enift  in  animal  fubllancei.  Whence 
otherwife  could  Rouelle  have  drawn  his  analogies,  to  enable 
him  lo  compare,  as  he  does,  the  green  fecuk  wilh  the  gluten 
cf  wheats  In  fafk,  what  is  there  in  the  common  appearance 
of  ihefe  two  produfls  that  can  lead  to  the  comparifon  ?  Tlieir 
points  of  comparifon  mull  be  fought  for  in  their  compofition, 
in  their  chemical  properties,  and  lliis  was  done  by  that  inde- 
fatigable chemift.  Thefe  are  approximations  drawn  from 
anslylis  which  ferve  as  the  balis  of  Ihe  Memoir  he  has  written 
on  the  green  fecula,  and  of  which  there  is  no  mention  in  the  "fueh  Foarcioy 
Syftem  of  Chemical  Knowledge;  doubtlefs  becaufe  in  the  "^  "*"  ^"^'"^ 
T  2  opinioa 
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H  opinion  of  iU  itluftrious  autlior.  Rouelle  had  conrounded  al- 

H  bumen  nith  the  gluten,  and  the  detail  of  his  fuppofed  miAake 

■  was  conJidcred  as  a  matter  of  indlfTerence  in  lite  hiQory  of  . 
H  cheraiftry. 

B   lUuclleGrft  dif-      Rouelle  however  found  in  the  fecula  of  forrel,  a  produfi  fb 

■  awerid  diept-  amply  pofftlTMig  llie  chemical  properties  of  albumen,  that  he 
iMd  fubfbinccorps'i't'cularly  inGlted  upon  it  in  order  to  lix  the  attention  of  his 
ihtjiKnfecofi,  ijn,e  upon  a  fubilance  fo  anitnalized  ;  and   as   he  afterwards 

I  obtained  it  from  a  plant,  which,  according  to  Fourcroy,  does 

not  yield  (he  fiightefl  (race  of  albumen,  il  is  now  inconleft- 
able,  as  it  was  then,  that  Kouelle  wae  the  firfl  who  difco- 
vered  in  the  Juices  and  green  fcculx  a/iroiJuA  which,  if  not 
intilled  to  "the  name  of  albumen,  poifeiTes,  nevcrlhelefs  fo 
ftrongly,  all  the  properties  by  which  the  attention  oFchemilU 
has  been  called  exclufively  to  it,  that  it  is  no  lefs  proper  to  be 
urged  in  (he  hillory  of  their  difcoveries,  than  albumen  ilTelf. 
and  tht  idenlitj  It  is  to  the  fame  penetrating  eye,  the  fame  impulfe  of  ge- 
iL^'hifj'"""    "'"*  which  led  him  to  anticipate  difcovery,  that  he  is  indebted 

I  for  that  of  the  allonifliing  refemblance  between  cafeum  and 

gluten,  when  they  have  both  undergone  that  fpecies  of  fernien- 
tation  which  transforms  them  into  the  ce![i)Iar  combinativiii  the 
odorous  andfavory  compound,  called  cheefe.  And  the  gluten, 
in  this  fingular  refull,  refembles  the  other  more  completely 
•  the  more  carefully  it  has  been  waihed.     Macquer,  when  he 

publilhed  what  continues  to  be  every  where  repeated,  that 
part  of  thefe  changes  were  occafioiied  by  fome  remains  of 
Aarch,  was  incorrefl  in  his  notion.  Starch,  a  fubfiance  al- 
ways inaflive  in  fermentation,  in  that  of  bread,  of  beer,  and 
even  in  germination,  could  only  retard  the  eSed  produced  fay 
the  gluten  ilfelf,  and  cunfequcnily  could  only  detiroy,  in  put, 
thofe  characters,  from  which  Rouelle  Hated  the  refemblanco  of 
thcfe  two  produfls. 
PecuRji  fer-  And  evoH  their  analyfis  extends  far  beyond  the  limit*  at 

mtntJtion  of  figned  to  them ;  for  when  the  gluten  has  changed  its  infipid 
and  vifcous  mucolity  for  the  cheefyAate;  when  it  has  gone 
through  atl  the  llagcs  of  that  lernientation  which  is  eHential  to 
thai  condition,  it  is  found  alfo  to  have  acquired  the  tafle  of 
thofu  flurp  and  burning  falls  which  conllitule  the  principal  me> 
rit  of  the  Roquefort  cheefe  {  falls  which  have  nothing  in  coro> 
mon  with  what  is  added,  but  are  found  equally  powerful  in 
the  curd  which  has  been  ivallied  and  left  to  its  own  fcnuen- 
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In  Fa^  in  the  cheefe  from  gluten^  as  well  as  in  that  from  Salts  generate^ 
animals^  potafh  and  fulphuric  acid  enable  us  to  find  that  am^**  cheefe,  tec, 
monia^  and  that  vinegar  difcovered  by  Vauquelin.  Is  the 
amraoniacal  acetite  then  one  of  the  ingredients  which  gives 
the  flavour  to  cheefe  ?  I  only  know  that  alcohbl  applied  to 
ftrong  cheefe  deprives  it  of  ail  its  tafle.  An  analyfis  of  that 
fpecies  might  afford  curious  refults ;  but  let  us  return  to  the 
green  feculx ;  examine  them  by  the  lights  of  modern  chc- 
miftry,  and  endeavour  more  particularly  to  difcover  whether 
albumen  adually  exifls  where  Beccari  and  Rouelle  found 
gluten. 

Green  Fecula. 

I.  The  fecula  undergoes,  by  heat,  a  change  capable  alone  The  green  ft- 

of  irivine  it  a  decifive  character  as  to  its  nature.     I  mean  that  ^"^f  .T?^.*®*** 

...  I       .  crcfcible  by 

concrefcibility  which  has  fo  few  examples  in  vegetable  pro- heat. 

du6ts  ;  that  agglutination  which  compreffes  the  particles  toge- 
ther, and  produces  the  appearance  of  a  cheefy  curd.  Though 
the  fecula,  before  this  change,  paOTed  eadly  through  the 
ilrainer,  it  can  no  longer  do  fo  after  having  been  heated ;  a 
peculiar  hardening  has  deprived  it  of  its  tenuity  ;  but  heat  does 
not  coagulate  the  fibrous  tiffue ;  in  this  refped  the  fecula  does 
not  refemble  the  broken  draw  of  green  plants, 

II.  The  fecula,  feparated  from  the  juice  by  filtration,  ac- Elaftic  and 
quires  an  eladic  and  horny  confidence  by  drying.     It  is  fof- J*""J^  ^'*** 
tened  with  difficulty  in  heated  water,  but  will  not  become  foft 

even  at  the  end  of  a  month ;  notwithftanding  it  is  moiilened  it 
ilill  retains  its  horny  ftate.  When  bended  it  will  return  to  its 
(hape,  and  cannot  by  any  means  be  crumbled :  thefe  quali- 
ties alfo  are  not  found  in  the  dry  woody  pulp. 

The  fecuire  of  green  and  white  cabbages,  crefles,  hemlock^  More  concrcfcl 
&c.  do  not  lofe  the  property  of  coagulating  by  heat  Irom  that^*  **"  * 
caufe.  Into  water  heated  to  between  50  and  60  degrees^ 
plunge  two  matralTes  of  equal  iize,  one  containing  diluted 
fecula,  and  the  other  with  the  water  and  white  of  an  egg ; 
the  fecula  will  harden  and  be  coiledled  in  flocks,  fi^ch  as  are 
formed  in  a juic^  which  is  clarified  by  heat;  but  at  this  teou 
perature  the  albumen  will  not  even  lofe  its  tr^nfparency, 

III.  The  green  fecula  is  very  nearly  in  equipoife  with  wa* 
tef,  fq^  that  of  plants  which  are  not  acid^  frequently  require 
a  week  to  preqipitate. 

Put 


pteripiubie  Pot  fomc  fociila  wafhed  and  diluied  into  Ihree  glalTcs  of 

ICd'^db''     ^"^""^  ''^'''     "^^  ''"=  ''■''^  ^""^  "  ''"'*■  »'^°''o'-  «  '"'''*  '''■*•?'  "'^ 
icidi.  acid  to  the  fetond,  and  place  the  third  between  them  for  com- 

pariron.  In  the  two  fiifi  the  precipitation  will  be  compleat  in 
hair  an  hour,  while  in  Ihe  Ihlr^  il  will  be  hardly  begun  ;  al- 
cohol and  the  aciJs  therefore  coagulate  feculx ;  but  thej  have 
no  fuch  afiion  upon  the  woody  refiduc. 
IidI  aket  IV.  One  hundred  parts  of  the  dried  fecula  o(  hemlock 
^°"j^(_ yielded  loalcohol  from  15  lo  16  of  green  refin.  After  re- 
peated infuGons  lu  \vhich  it  was  fnbjefled,  it  remained  of  as 
earthy  grey,  and  Ihe  aleDhol  was  incapable  of  bleaching  it. 
Sage,  who  was  well  acquainted  wilh  feculXi  found  thai  tbey 
yielded  about  one  third  of  their  weight  in  refin  ;  in  order  to 
feparate  it  ealily,  the  fccuU  inufl  be  thrown  into  fpiiits  of 
wine  while  yet  mnifl,  llie  fluid  then  penelrates  and  attacitt 
all  its  parK  ;  but  the  efTefl  is  much  more  diHicull  when  it  hat 
become  homy  by  drying. 

CTo  he  continued.) 
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Prize  Suejliona  of  Foreign  Leaned  Socielits. 

■    1.  HE  National  Inllilute  of  France  held  a  poblic  fitting  on 
'ui&ion'i!  "      ""^  '^''"'  ^^^"<i'^i"i!'''''^<  when  the  new  fubjefls  for  prizes  were 

The  Ciafi  i^f  Mathematical  and  Plijifical  Knowledge  propofed 
the  following  queflion : 
Winierllupof       "  To  determine,  by  anatomical  and  chemical  obfervationi 
*""''  and  cxperimenl'!,  what  are  the  phenomena  of  inactivity  which 

certain  animals,  fuch  as  marmots,  dormice,  &c.  undergo  in 
the  winter,  with  regard  to  the  circulation  of  ihe  blood,  the  rc- 
fpiration  and  the  irrilahility  ;  to  inquire  what  arelhecaufes  of 
Iheir  fleeping,  and  why  it  is  peculiar  to  ihefe  animals." 

This  qucflion  was  propofed  before,  and  the  prize  wat  lo 
have  been  decreed  in  this  fitting;  but  the  meeting  being  of 
opinion  that  the  memoirs  received  ilid  not  contain  fufFicient 
information,  decreed  that  it  (hould  be  propofed  again,  and 
that  the  prize  Ihould  be  doubled.  It  will  be  ot  the  value  of 
two  kilogrammes  of  gold  (about  6.800  fr.} ;  and  will  be  dif- 
tributed 
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IribulciJ  at  Ihe  public  fiding  of  Vendcmiaire  in  the  year  1 3. 
Memoirs  muli  be  iranrmitlcd  to  ihe  Sticrelarjof  the  Inditulc 
before  the  1  ^th  Medidorof  the  year  12. 

The  (juefiion  propofed  by  ihe  Clqfs  of  Moral  and  Political 
knowledge  is, 

"  To  determitie  how  the  Faculty  of  thought  can  be  decern- Decompajitjop 
pofed;  and  what  are  the  elementary  faculties  which  can  be  •'^  """'s'"* 
difcovered  in  it  f" 

The  prize  is  b  gold  metal  of  the  weight  of  Ave  heflo- 
grammes  (about  1700  fr.):  it  will  be  adjudged  at  the  public 
fitting  of  Germinal  in  the  I21h  year  of  the  Republic. 

The  work (  cannot  be  received  after  the  15th  Nivofe  of 
the  fame  year. 

Priie  for   Geography.       "  To    compare  the   geographical  Geognphf 
charts  by  Ptolctny,  of  the  interior  of  Africa,  with  thofe  which  P"' 
have  been  tranfmitted  lo  ui  hy  fubfequent  geographers  and 
hiflorians,  with  the  exception  of  Egypt  and  the  coalls  of  Bar- 
faary  from  Tunis  to  Morocco." 

This  fubjeft  had  l>een  propofed  in  the  year  9,  but  Ihe  me- 
moirs  fent  not  correfponding  to  the  conditions  of  the  notice, 
it  was  renewed. 

The  prize  is  a  gold  medal  weighing  five  heflogrammes 
(about  1700  fr.),  and  will  be  adjudged  in  the  public  filling  of 
Mcllidorin  the  year  12.  The  memoirs  mud  be  fent  in  before 
the  15th  Germinal  of  the  fame  year. 

The  Medical  Society  at  Montpellier   has   propofed  two  Med.  Sac.  of 
prizes  of  500  francs  each,  of  which  the  firfl  is  to  be  adjudged  MoMptUier. 
in  May  1 803,  and  the  fccon  J  in  May  1 80+j  on  the  following    ""  '"'  '°™ 
que  It  ion  9 : 

Ifl.  In  what  kinds  of  difeafes,  and  under  what  circum-  loflmmition  I 
fiances,  is  inttammalion  favourable  or  dangerous  P  and,  in  the 
treatment  of  fuch  difcafes,  in  what  cafes  ought  it  to  be  ex- 
cited or  checked. 

2d.  Toafcertainby  experinien|and  obfervation,  what  de- Mcdkinti  kj 
gree  of  confidence  can  be  placed  on  the  ufe  of  certain  fufa.  ^"^liwl, 
ilanccs,  by  friction,  which  are  generally  adminiflered  inter- 
nally ;  to  determine  Ihe  eRefl  of  fuch  remedies,  in  both  me- 
thods, and  alfo  the  quantity  of  the  dofe;  to  point  out  the  dif- 
eafes  and  cafes  in  which  one  method  is  to  be  preferred  to  the 
other;  and  hnally,  to  determine,  in  the  different  maladies, 
to  what  parts  of  the  body  the  application  of  thefe  remedies, 
are  mod  efEcacIous, 


4 


I 


CIEMTIFIC    ME' 


Flq{k  frrmi  an  Jir-Gun. 
1  M.  Piflel,  in  a  leUer  rrora  Paris  of"  ihe  1  ft  of  January  laft 
1-  to  Mr.  Tilloch  (Philof.  Magazine,  Vol.  XIV.  363.J  flatei  a 
communication  to  Ihe  National  Inftilute  of  France  on  (he  29th 
of  December  by  M.  Mollet,  of  Ljons,  rcfpeding  the  lumi- 
nous appearance  produced  by  the  difcharge  of  an  air-gun  in 
the  dark,  a  phenomenon  which  he  confiders  at  never  having 
been  before  obferved.  It  has,  however,  been  knon-n  for  fome 
lime  in  this  country,  having  been  firft  mentioned,  I  believe, 
near  a  year  and  a  half  ago  by  Mr.  Fletcher  at  a  meeting  iior  - 
philofopliicBl  esperiraenls  and  converfations,  which  wax  then 
held  weekly  at  my  houfe.  Several  difcuflion!  accordingly 
took  place  with  regard  lo  its  caufe,— as,  whether  it  was  pro- 
duced by  eleftricily,  or  the  change  of  capacity  in  the  expand- 
ingfluid,  &c.  and  it  was  intended  to  inllitule  a  courfe  of  ex- 
periments on  the  fubjefl,  but  fome  other  objefls  of  enquiry 
inlefvening  the  matter  wai  poftponcd.  It  is  a  curious  phe- 
nomenon, and  deferves  iDveHigation. 


letlcr/rom  Pi"fifft>r  Proust  toj.  C.  DelametheE! 
On  the  Susar  "f  Grapes,  and  the  Compound  Nalui-e  qf  Ui 
V  fitgar  in  the  grape,  which 
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I  have  difcovcred  a 
bafij  of  wine  ;  it  is  different  from  that  of  Ihe  fogar-cane,  cry- 
flallife'i  differcnily,  &c.  It  is  contained  in  the  proportion  of 
about  30  per  cent,  in  Ihe  juice  of  ihe  grape.  Azote  is  uni- 
formly combined  wiih  the  carbonic  acid  in  ihe  fermenlation  of 
wine  :  in  that  of  gluten  it  is  pure  hidrogen,  which  is  difen- 
gaged  with  the  carbonic  acid. 

Tell  Vauquelin  ti)at  the  ur^c,  in  Ihe  ftate  in  which  they 
■  haveeiiaminedit,  isa  faline  fubllancc  falurated  with  ammonia, 
and  not  a  fimple  product ;  t^  need  only  apply  fulpburic  acid 
lo  carry  off  this  ammonia,  and  to  have  the  urfe  pure,  but  co- 
loured with  a  relin  from  which  I  have  not  yet  b<^en  able  to 
free  it. 

J.  dc  Phi/fii^e. 


M 
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(CtBKTIFIC   JtKVft. 

On  lltt  Ufi  of  Sulphate  <if  Soda  in  (fte  Afaanfaaory  ofGlafs 

fiyPMET-DESCHARMES*. 

Since  the  notice  which  was  given  in  ihe  Journal  dc  Ph^ique  uj;.  ef  furpbji 
that  fulphate  of  foda  might  be  u  fed,  without  preparation  or  "' '°^' <»  glab 
any  intermediate  agent,  in  the  fabrication  of  filiceous  gkfs, '°'''^' 
Cit.  Pajot-Defcharmes  ha*  thought   fit  lo  pubUlh  ihe  refuli  of 
hit  pritK-ipal  experiments  on  the  employment  of  this  fait  in 
glafs-making. 

It  appears  froni  Ihe  c  x  peri  men  l»  whicb  this  operator  hai 
reported  in  XhnJ/'urti'il  de  Phyfique, 

1 .  That  fulphale  of  foda  and  fond  alsne,  in  various  propor- 
tions cannot  fticceed. 

2.  That  fiilphale  of  foda,  mixed  with  pounded  charcoal,  in 
the  proportion  of  a  Itnth  or  twentieth  pari,  yielded  a  yellow 
glafs  moreorlefs  black,  of  the  nature  of  obfidian  partes  or 
ftones :  the  crucibles  were  then  very  flightly  acted  upon. 

3.  That  equal  parts  of  carbonate  of  lime,  dried  fnlpbate  of 
foda,  and  fand,  produced  a  beautiful  gla^^',  clear,  folid,  and 
of  a  palu  yellow  :  the  crucibles  were  then  very  little  corroded. 

Cit.  Fajol-Deicharmes  obft-rves,  liiat  notwitiiftandiiig  the 
pains  he  took,  he  could  never  obtain  a  glafs  with  fulphate  of 
foda  that  was  not  of  a  yellowilh  green,  whereas  mutii's  of 
foda  (fea-falt),  treated  In  the  fame  manner  as  fulphate  of  foda, 
always  produced  a  glafsof  a  light  blue  tinge  inclining  more  or 
lefs  to  green. 

Cit,  Pajol-Defcharmes  propofes  to  treat  more  fully,  in  a 
particular  memoir,  on  all  the  experiments  he  has  made  on  this 
fubjea. 
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Obfervaliont  on  the  KeceJ/ity  of  immcrfing  Seeds  in  tl'aUrtn  Times 
qf  Drought.     Bj,  Aat.  Ali-xis  Cadet-de-Vauk.  f 

Frunconrinc-la-CaTtnne,  2  Brujuaire  {Oa.  23.) 

To  reap,  we  muft  fow  j  and,  from  the  drought  which  has  jq  dry  kiCont 

prevailed  for  Gx  months,  fowing  is  not  eafy,  lor  our  gardens  ihc  feed  giiio  ii 

in  dinger  of  pe< 
•  Abridged  wiih  rematki  in  ihe  Journal  An  Mines,  No.  69.  "°""*  '"  ^' 

from  a  Letter  from  Cit.  Pajot-Defthannct,  to  J-.  C.  de  la  Mctherie,  *""    * 

in  the  Journ.  dt  Phydque,  Vol.  LTI.  p.  210. 
t  Dtcade  Philofophique,  No. -1.  Aci.  XI. 
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are  no  longer  cukivalcd  vwilh  the  fpade  and  the  harrow,  but 
with  tlie  mattoclL  and  the  pick -axe ;  ihe  plough,  however,  on 
uccount  of  il5  ftrenglh,  can  Dill  be  employed  to  till  the  ground, 
except  ii)  cumpafl  lands,  and  ihofe  which  are  (liffly  bound. 
But  it  is  not  enough  that  the  land  (hall  have  been  lilled  to  en- 
able us  to  Tow  it,  the  feed  muft  alfo  germinate,  withoat  which 
it  dries  and  periflies,  or  becomes  ilie  food  of  animal*  and  in- 
fers. For  without  rain,  or  dew  which  moinen*  at  lead  the 
furfaceofthe  foil,  there  can  be  no  germination.  In  the  mean 
lime  the  feafon  advances,  and  the  feed-time  is  already  late. 
Let  \}i  point  out,  then,  lo  Ihe  hufbandman,  a  method  of  pre- 
venting the  inconvenience  of  drought ;  it  is,  not  to  commit  his 
feed  lo  llie  earth,  until  it  is  impregnated  with  the  moifiure 
nccclTary  for  it»  germination. 
y ;  to  We  may  refer  to  a  great  example :  the  Chinefe  do  not  de- 

firft  in  pgiji  ^  ijfjgi^  Cgg()  jij  ,|,g  gj,f[j,  y„^;i  j(  j,as  been  imroerfed  in 
water.  And  1  willadduceanexperiment  nearer  home,  which 
is  in  favour  of  this  praflice.  Five  yearj  ago,  I  fowedhalfan 
acre  [ai-peni)  of  land  with  wild  fuccory,  lucern,  and  pimper- 
Tiental  nel.  With  a  view  to  compare  the  produce  of  thefe  plants,  I 
fowed  ihem  in  rows  two  feet  afunder.  The  fpring  was  very 
dry,  and  I  foakcd  each  of  the  feeds  in  water  for  forty  eight 
hours.  The  quantity  foa.ked  was  not  futficient  j  for  there  was 
required  ai  much  more  as  to  fow  niiie  rows,  three  of  each 
kind.  1  took  advantage  of  this  circumllance  to  compare  the 
effeO.  arjling  from  the  feed  being  prepared  or  not  prepared  by 
immeriion.  The  refult  v^'as,  that  in  the  nine  rows  fowed  with 
the  dry  feed,  not  more  than  thirty  plants  came  up  in  five 
months:  while  the  remainder  of  Ihe  land  was  covered,  and 
formed  a  moll  beautiful  artificial  meadow.  The  rain  fell  too 
late  to  fow  thefe  nine  rows,  and  it  was  neceflary  lo  fow  them 
again  in  autumn. 

Let  us  now  apply  ihefe  fa£ls  to  the  fowing  of  corn. 
;  rfcom-  The  hufbatidman  is  in  the  habit  of  liming  his  wheat  when 
''  '^"""he  apprehends  the  rot.  This  year  he  has  no  need  to  diead 
that  evil  j  neverihelefs  lel  him  ufe  the  lime,  but  by  immeriion  ; 
for  in  general  the  method  of  application  is  defeflive.  The 
operation  is  ufually  conlined  to  a  fimple  fprinkling  of  the  heap 
of  wheat  with  lime  water,  while  it  is  turned  over  with  a 
(hovel. 

The 
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Thegood,  Uieoiily  wajofliraing,  isb)' Imraerrion  :  put  the  Mcibad  d:- 
fced  into  tubs,  and  covet  il  to  the  height  of  four  or  five  lingers  i"<^- 
breadths  with  lime-waler,  made  To  hot  that  the  hand  camtot  be 
kept  io  it  without  difficulty  ;  cover  it  up,  flirting  it  three  or 
four  times  in  the  twenty-four  hours ;  after  which  draw  out  the 
bung  ihal  the  water  may  run  off,  tlie  quantity  will  be  but 
fmall ;  it  will  be  nearly  ad  abfurbed  by  the  grain,  which  tnufl 
be  taken  front  the  tubs,  fpread  out  in  the  ait  and  then  fowed. 

Twelve  budiels  of  wiieat,  immerfed  for  Lwenty-four  hours,  Wheit  ttecoaiet 
will  abforb  nearly  one-fourth  of  water,  that  is  to  fay,  tii^y  j'J'^'^''""''^^ 
will  fwell   to   Hfteeo   or   fixleen  buftiels   by  meafure.      Let  us  totbing  wiccr. 
now  invefligale  the  theory.     Every  grain  of  this  corn  carries 
will)  it  to  the  earth  a  quantity  or%watcr,  more  than  fufficient 
to  cnfure  its  germination.     This  water  a^s  principally  lipon 
the  extradive  matter  of  the  hofk  j   it  cliflblves  this  principle, 
one  of  the  properties  of  which  is  to  altrafl  and  ftrongly  to  re- 
lain  moiflure.     Hence  this  water  will  not  be  evaporated.     If  Dunghill  umict 
inAead  of  pure  waier,  we  ufe  dunghill  water,  which  is  fatu-"  *" 
Taled  with  this  e\lraflive  matter,  together  with  dcliquefcent  ^^^| 

Calls,  and   fatly  mailer,    then  the  moH  minute  quatilittcs  of  ^^^| 

furrounding  humidity  will  be  atlra^cd  towards  the  grain.   But  ^^H 

in  truth  it  will,  after  this  (reatmenl,  fucceed  very  well  with-  J 

out  the  fpeedy  afliflance  of  the  rains  and  dews ;  it  poflelTes  a 
fuffitiency  of  moillure  to  put  forth  its  germ,   to  throw  out  its  ' 

radical,  and  in  tliort,  to  fecure  its  germinaiion.  The  grain  RecipitntitiDn. 
wiiich  has  been  lleepcd  gains,  in  ordinary  feafons,  from  twelve 
to  lixteen  days  in  advance  before  that  which  has  not  been 
fleeped ;  and  in  tiroes  of  excellive  drought,  it  gains  every 
thing.  If  (fecped,  it  germinates  and  grows;  and  if  not 
Hcepcd  it  dries  and  periQies.  Let  the  rains  come,  let  them 
continue,  Hill  1  advifc  immerlion ;  which  by  forwarding  the 
germination,  remedies  tlie  inconveniencies  of  a  late  feed- 
time. 


I 


EitraB  from  a  Memoir  bj  Cit.  Fourcroy,  on  thf  Chemical 
Nature  qf  Ants,  and  on  the  finiultantout  Exijieiice  itf  too  Vtgc- 
tabU  Acids  at  thtfe  Infias. 

Samuel  Fifcher  tlrft  defcribed  this  acid  in  1670.  It  has  EiperlmnM 
fi nee  been  more  particularly  examined  by  MargraiT,  Arvid- ?'"*'''B  t***  <»- 
Con,  Bergman,  &c.  and  finally  by  Cit.  Deyeus,  who  efla- '„ ^j"  jj  ^J^^ 
bliflied  the  Identity,  which  Margtaff  had  previoufly  fufpefled  acid  >a  tnti. 


r 


n  became  brown  and  thick :  it  had  a 
and    the  air  produced  bubbles  in  il. 
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to  exid  between  the  Tormic  and  acetoas  Bcids.  Neverlheleft 
there  voere  Ilil!  fome  doubK  to  remove,  and  it  was  thefe 
which  induced  the  Citizens  Fourcroy  and  Vauc^uelin  to  un- 
dertake the  following  inveliigalion? : 

Some  red  anLf  {formiea  rufa,  Lin.)  werecruftied  in  a  mar. 
ble  raorlar,  A  fliaip  vapour  was  difengaged,  fimilar  to  that 
of  radical  vinegar ;  and  the  alcohol,  in  which  the  ants  were 
put  to  macerate,  was  tinged  jdlow. 

This  infufion  produced,  by  diilillation,  an  infiammable  li- 
quor, llighily  acid-  At  the  fame  iirae  it  formed  a  brownilh 
fediment,  which  was  carefully  feparated.  This  fedimenl 
became  covered  with  an  acid  liquor,  which  was  faturated 
with  lime. 

The  lalter  combinaiit 
pungent  naufirous  tafie, 
a)  in  foap-fuds. 

One  pan  of  this  compound,  mixed  with  one  part  and  a  half 
of  fulphuric  acid  and  two  of  water,  produced  a  very  thick 
magma,  which,  by  diAillalion,  yielded  an  acid  liquor,  with- 
out colour,  of  an  empyreumalic  odour,  but  which  did  not 
difcover  any  irace  of  fulptiurlc  acid. 

This  acid  combined  wiih  potalh,  formed  a  true  acetite. 

The  brownilh  thick  couipound,  of  which  we  have  fpoken 
above,  formed,  by  folmion  in  acetite  of  lead,  an  abundant 
precipitate,  which  proves  ihat  the  acid  exira6led  from  the 
snls  by  the  alcohol,  contained  fomething  befide  (he  acetous 
»cid. 

The  fame  calcareous  compound  mixed  with  a  folution  of 
nitrate  of  lead,  yielded  an  abundant  yellow  prccipilate.  which, 
treated  with  fulphuric  acid  weakened  by  water,  formed  a  new 
precipilale,  heavier  and  whiter.  The  fupcrnatant  fluid  was 
flightly  acid  and  fugary  :  it  precipitated  abundantly  the  ni- 
Irales  of  mercury,  offilver,  and  of  lead. 

Many  other  faSs  in  addition  to  thofc  we  have  mentioned, 
are  fufficient  proofs  Ihat  the  malic  acid  is  joined  with  acetic 
acid  in  the  liquor  which  is  exlrafled  from  the  ants  by  the  al- 
cohol; and  it  is  doubllefs  the  prefence  of  this  acid  which  has 
led  thofe  chemifts  into  an  error,  who  formerly  treated  of  this 
fubjefl. 

The  ants,  afler  having  been  feparaled  from  the  alcohol, 
yielded,  by  diftillation,  an  empyreumatic  fetid  oil,  carbonate 
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oTamnionia  and  acelite  of  ammonia,  the  whole  difToIved  in  a 
great  quantity  of  water. 

The  brown  fubllance  left  from  llie  diflillation  of  the  Jnfulion 
in  alcohol,  was  infolubic  in  water,  and  foluble  in  alcohol,  ex- 
cept a  fmall  quanlily  of  a  brownidi  matter,  which  appeared 
to  die  authors  lo  be  albumen.  The  folulion  of  this  brown 
fubllance  in  akoliul  became  milky  by  liic  addition  of  water ; 
and,  in  a  few  days,  depodted  a.  precipitate  of  a  refinous  ap- 
pearance, which    Teemed  to   be  a    fal  matter  of  a  peculiar 

Lallly,  Ihe  reCduum  from  the  anls  was  an  animal  carbon, 
which,  after  combullion,   left  only  phofphale  of  lime. 

The  memoir  finilhes  wiih  obfervalions  on  the  prefence  of 
the  acetous  and  n)a!ic  acids  in  ants  in  particular,  and  in  orgs* 
nic  bodies  in  general. 

BuUciin  dcs  Sciencu,  No.  70, 


An  Egay  on  thr  Rtlatinn  bctucen  l!ie  Jpecific  Gravilin  and  the  , 

Strcnglke  and  I'aluci  of  Spirituous  Li^uorti  with  Raits  for  tke  \ 

Adapttition  qf  Mr.  Gilpin's  Tables  to  ihcpnfcnl  Standard,  aad 
IXM  Nrni  Tal'lct  for  finding  the  Pcr-cettlage  and  Coaceiilration 
xuhea  tht  fpccific  Gravity  and  Temperature  are  given.  By 
Atkih)  and  Co.  Matktmutical lap-umait Maken.  Slvarto, 
1\  Pages.  London.  CadeU  and  Duaiei,  and  RMnfons,  1303. 
Il  is  certainly  very  remarkable,  that  no  mode  of  denomina-  Atkini  on  the 

tion  by  whicli  the  real  ftreiiglh  of  fpirituou'i  liquors  could  be  ^P"'.^^  srwltk* 

'  ,  of  fpintuoiu 

defined  with  any  tolerable  degree  ot  correflnels,  has  ever  yel  li^uo,,, 
been  in  general  ufe  in  this  or  any  oiher  country.  The  mif- 
chiefs  accruing  from  ihe  wani  of  fuch  a  fylieiii,  and  the  dif- 
putei  which  were  daily  ariting  btlween  the  revenue  officers 
and  the  traders,  with  refpL'd  to  ihefe  mattors,  induced  the 
legiflature  fcveral  year*  finct-  to  p:di  an  ad  by  which  was  de- 
clared, tlial  all  I'pirits  flioiild  be  deemed  and  takca  lo  be  of 
the  degree  uf  iireiigth  which  lliou3d  be  denoted  by  Clarke's 
hydrometer.  The  inconvenience?,  however,  which  refulted 
both  from  the  complex  condroaion  of  ihe  inftrument  itfelf, 
and  the  ineligibility  of  ihe  mode  by  which  the  ftrenglhs  of 
Uiefe  liquor*  are  denominated,  according  lo  the  Ij/Iem  pro- 
pofed  by  its  inventor,  having  been  long  felt,  and  both  one 
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and  die  other  having  act  ordingly  in  a  grcal  mearure  fallen  into 
"  dilure  amongli  all  but  Ihol'e  immetJialely  concerned  in  the  cri- 
kaion  of  ilie  duiies,  llie  lords  of  the  Ireafury  dining  the  laft 
fcffioQ  of  pulranient,  Rppiicd  fof  and  oblained  an  aft,  em- 
powering them  to  order  any  ol!ier  ^yd^omPte^  to  be  ufed  (ot 
the  pQ.'pijfrs  of  the  revenue,  whi'-h  might  be  found  more  cDn- 
venienlly  applicable  to  ih«ra.  Tliis  ha*  of  courfe  rendered  i 
review  of  llie  whde  mstler  indifpcnfably  necefTiry,  and  the 
authors  of  the  pamphlet  before  us,  whofe  attention  to  thi* 
fubjed  i(  already  fufficienlly  known,  have  accordingly  with 
great  pcrfpicuity  traced  the  principles  on  which  alone  an  eqpit- 
able  fyfiem  can  be  eElablifhed. 

After  Ihewing  the  conneflion  between  the  fuhjefl  of  the 
prefent  trafl,  and  the  appreciation  of  our  weighCi  and  mea- 
fures  in  general,  they  pr-oceed  in  the  preface  to  flale  the  au- 
thoritie*  on  which  they  have  founded  their  ellimalion  of  the 
weights  of  the  known  meafures  of  diflilled  water.  Thefe  are 
principally  the  experiments  of  Sir  George  Shuckburgh  Eve- 
lyn *,  and  lliofe  of  the  French  commiflioners  of  weights  and 
nieafures.  From  the  former  it  appears  to  refult,  that  the  cubic 
inch  of  diflilled  water  at  60»  of  Fahrenheit's  thermometer, 
weighed  in  air  at  the  fame  temperature  when  the  barometer 
Hands  at  29|  inches,  is  equal  to  252.^03  troy  grains,  and  from 
the  latter,  equal  to  252.35,  fo  that  the  authors  take  it  to  be 
under  the  drcumltances  fufRciently  near  232^,  and  that  this 
weight  therefore  correfponds  with  tliefpecific gravity  of  1,000. 
Their  appreciation  of  the  cubic  meafure  of  the  wine  gallon  ii 
iimdar  to  ihat  of  the  board  ofexcile,  viz.  that  i(  contains  2S1. 
cubic  inches,  and  they  «lliinate  the  pound  avoirdiipoife  at 
7,000  grains  troy.  The  preliminaries  and  a  detail  of  the  cal- 
culations and  reafons  on  which  the  deduflions  are  founded, 
arc  very  properly  introduced  in  this  place,  ai  neccrtary  to  the 
undcrftanding  of  lleir  fubfcquent  eflimation  of  the  fpeciRc 
gravity  of  proof  fpirit. 

The  work  itfelf  treats  orihefubjea  under  the  following  ge- 
neral heads  ;  of  the  general  relation  between  the  fpecillc  gra- 
vities and  the  (ireiigths  and  values  of  fpiriluous  liquors,  and 
the  circuniilances  by  which  the  former  are  influenced  ;  of  the 

•  See  Phil.  Journal,  Quarto  Series,  Vol.  iii.  p.  97,  tee.  and  Oe- 
avo  Seriet,  Vol.  iv.  p.  Jj.  (No.  for  January  laft.) 
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llandard  or  proor;  of  over-proofs  and  untler-proofs,  and  ihe Aiklmcn  tho 
modes  of  appreciating  [hem;    of  Mr.  Gilpin'i  expetimenU jj^'j^.^'"J||"" 
and  tables ;  and  ol'  the  means  of  adapting  them  to  the  prefent  li^uori. 
fiandafd,  with  vaiious  problems  and  rules  for  thatpurpofc; 
and  concludes  with  the  two  tables  of  the  aulJiucs  mentioned 
in  the  title-page. 

The  tirfl  chapter  treats  very  perfpicuouHy  of  the  fiibjefl  in 
general,  and  llie  intricacy  in  which  it  is  involved  by  the  joint 
elTefls  of  concentration  and  change  of  temperature. 

In  the  fecond  the  author*  proceed  to  the  ellimation  of  llic 
flrenglh  uf  proof  fptril,  as  deducible  from  a  loofe  palTage  in  an 
aft  of  parliament  pafltd  in  1702,  by  which  it  is  ciiaaed,  that 
"  for  the  purpofea  of  that  a£),  each  gallon  of  brandy  or  ^i fits 
of  the  (Irength  of  one  to  fix  under  h^dromcter-proof,  Ihall  be 
taken  and  reckoned  at  Tibs,  13  oz.  thegalloni  and  which 
Teems  to  be  the  only  claufe  in  the  flatute-book,  in  which  the 
ftrength  of  any  kind  of  fpirituous  liquor  is  attempted  to  be 
defined  by  reference  lo  its  fpt-cilic  gravity.  The  temperature 
of  the  liquor  and  fomo  other  ci re um fiances  are  here  left  lo  be 
affumed,  which  the  authors  have  accordingly  been  under  the 
neceflity  of  doing,  and  from  hence  ihej  deduce,  that  prooi 
fpirit  may  reafonably  be  confidered  as  Laving  tlie  fpecific  gra- 
vity of  920  at  60".  according  to  the  common  acceptation  j 
and  this  they  accordingly  recommend  as  the  future  legal  defi- 
nition of  that  ftandard. 

The  third  chapter  contains  a  diHin  A  account  of  the  various 
modes  of  compatifon  hitherto  in  ufe,  and  of  their  refpefiive 
inconveniences  and  delefls.  According  lo  Uie  fyllem  propofed 
by  the  authors,  the  denomination  itfuif  would  at  once  indicate  tlie 
real  comparative  value  of  the  fpirit  in  quellion,  bv  relerence 
to  the  equivalent  quantity  of  proof  fpirit,  or  that  which  would 
produce  or  be  producible  from  1  DO  gallons  of  the  former,  by 
the  addition  of  water  lo  the  Wronger  of  the  two,  till  they  were 
reduced  to  the  fame  degree  of  flrenglh  ;  allowance  being  made 
in  all  cafes  for  the  concen trillion  which  takes  place  by  mixture, 
and  the  change  in  bulk  and  coufequeni  difference  in  value  by 
meafure,  according  to  the  exiling  temperature.  Thus,  an 
under-proof  of  which  100  gallons  might  be  made  up  with 
water  from  80  gallons  of  proof,  would  be  called  (piril  of  "  80" 
or  "  20  under-proof,"  and  a  fpirit  of  which  100  gallons  ivouM 
when  reduced  to  ptyof,  make  13-I-,   would  be  called  "  13-t, 
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Btiiii  on  tlie  ot  "  3*  over-proof,"  Wc  here  find  fome  arithmcllcal  nilo 
idfic  grniiia  introducetl  for  ihe  purpofe  of  illuftraling  the  pradical  facililiei 
-    -  refulUng  from  the  ufe  of  fuch  a  fjflem,  and  the  chapter  coo- 

eludes  wilJ)  a  lefljon  nu  the  general  conRru^on  of  the  hy- 
drometer, in  whith,  however,  tlie  aulhurs  have  modeAly  for- 
borne to  fpeak  particularly  of  iJiofe  of  their  own  conftruciioD, 
which  are  already  fo  welJ  known  to  the  public. 

In  the  fourth  chapter,  which  treats  of  the  experiments  and 
tables  of  Mr.  Gilpin,  Ihc  author  fpeaki  with  iu  loerited  praife 
of  this  great  work,  and  in  the  fifth  they  give  a  variety  of  rulet. 
Tome  of  them  very  curious,  for  folving  all  the  mojt  ufeful  pro* 
blems  rcfpeding  this  fubjefl  from  thele  tables,  which  they  con- 
£der  as  an  authentic  regiHer  of  experimental  refulls.  Tbefe 
procelTes  are  all  founded  on  the  fuppoliiion  thai  proof  fpirit  a 
of  the  fpecific  gravity  of  U20  at  60*. 

The  lixlh  and  laft  chapter  contains  the  two  tables  of  the 
■othori  already  mentionod,  with  their  ufe  and  application. 
Thefe  table;  in  a  greal  mcafurc  anfwer  all  the  purpol«i  of  [he 
more  voluminous  ones  of  Mr.  Gilpin,  from  which  ihey  are  cal- 
culated by  ihe  preceding  foimulie,  and  thai  in  a  much  firopler 
ftnd  eafiLT  manner,  being  adapted  lu  the  prercnl  fUndard  of 
proof,  and  giviitg  the  required  per-centage  and  concentration 
by  mere  inlpe^tion. 

Having  thus  Hated  the  outlines  of  .this  work,  it  would  belo 
lake  notice  of  a  circumllance  of  minor  confequence  if  I  re- 
marked, that  it  is  a  very  neat  fjjecimen  of  typographical  ele- 
gance. I1ie  fubjeft  is  li  moll  important  one,  and  the  philofo- 
phical  reader  will  be  pleafed  to  lind  it  here  treated  in  a  maa- 
D<;r  which  renders  it  no  leDi  worthy  of  tlie  attention  of  the  toan 
of  fcience,  than  of  ihofe  whofe  commercial  interejls  are  in- 
volved in  the  event  of  die  prefenl  invelligatioo. 

A.  B. 
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rcjKi  ud,  S14 

the  quantity  of  oin  and  dew  i>  equal  to 

the 

m^  . 

^^^^^ 
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Cyton,  ontb.*mDidetofutthli'^BM 

Friaion,  Imninsut  ippooncM  by,   lo;. 

WM 

— MulidM.  by,  »79 

^ 

■         FrienJftip,  o[(jn  of,  115 

1 
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■  So 
Proull  on  tlie  feeula  of  green  plants,  173. 
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log  kip  ti'C  llumpl  of  treef,  14] 
Salt»generateil  in  cheele,  177 
Sappi^ire,  analyJii  of  the,  10 
Satire,  or^an  of  tbc  tiliDt  for,  *]4 
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Thought,  decampofitionof,  >79 -SHI 

SpeJung  n»chine>,  70 

Throat,    inArumeot   for   eatraainj^ET^ 

Speflrum,    prifirUDC,    compofed   of  only 

bodi«  from  the,  I7S                                    ,j 

fourpriouryeoloun,  9S 

TiJei.  illuftrated  by  the  doarine  of  com- 

Speet,  Mr.  W.  on  the  hldrometei,  63 
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